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ELECTRONICS 

Overview of frequency compensations in the CMOS  
operational amplifiers, Part two – Advance solutions 

Georgi Panov 

 
An overview of several common used frequency compensations in the CMOS operational 

amplifiers is presented. The advantages and disadvantages for each of them are given based on 
mathematical analysis. Practical circuit examples are shown as well. The work is divided in two parts. 
The first one explains the need of frequency compensation in the operational amplifiers and 
demonstrates the simplest possible implementations. The second part describes advance solutions 
suitable for special cases, where the common used technics do not work, or have low performance. 
The comparison of all frequency compensations presented in the paper is summarized together with 
some advises for their use. 

Обзор на честотните компенсации в CMOS операционни усилватели, Част втора – 
Специфични решения (Георги Панов). Статията представя обзор на най-често 
използваните честотни компенсации в операционните усилватели направени с CMOS 
технология. Предимствата и недостатъците на всяка една една от тях са показани като 
резултат от математически анализ. Дадени са също така практически примери на 
реализацията им. Работата е разделена на две части. Първата обяснявя нуждата от 
честотна компенсация на операционните усилватели и представя основните схеми. Във 
втората част са показани решения подходящи за определени случаи, в които класическите 
методи не работят или дават незадоволителни резултати. Статията завършва със 
сравнение на разгледаните честотни компенсации и съвети за тяхното използване.  

 

 

Introduction 

The simplest frequency compensation techniques 
for the CMOS operational amplifiers (OpAmps) were 
presented in the first part of the paper. Now, the 
second part describes advance solutions, which allow 
better performance in some cases. 

Two-stage OpAmp with -40dB/decade slope of 
the gain 

Often (for example in RC filter design) a certain 
open loop gain at given frequency is needed from the 
OpAmp. The further run of the gain is not important, 
only the stability must be assured. It is beneficial to 
use in this case an OpAmp with gain like in Fig.1, 
where such an OpAmp is compared with a second one 
using MFC.  

Both OpAmps have the same gain at frequency 
Fmax, but the unity-GBW of the OpAmp with MFC is 
much larger and hence it is more difficult to ensure its 
stability. 

 
Fig.1. Bode magnitude plots of OpAmp with MFC and 

OpAmp with -40dB/decade slope of the gain. 

 
Fig.2. Two-stage OpAmp with -40dB/decade slope  

of the gain. 

The idea of this frequency compensation is, that 
the Miller capacitor is needed only at frequencies in 
the range of the unity-GBW [1]. It is shown in Fig.2. 
The resistor Rx breaks the MFC at low frequencies. At 
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higher frequencies the impedance of the capacitors 
decreases and the MFC starts to work. The OpAmp 
has the same DC gain and non-dominant pole like an 
OpAmp with MFC, unity - GBW = gm1/(Cc/2), posi-
tive zero = gm2/(Cc/2), negative zero = -1/(2*Cc*Rx) 
and two dominant complex poles. The positive zero 
can be removed using nulling resistor. Gain peaking is 
possible due to the complex poles. Compared with the 
MFC, 4 times larger compensation capacitor is needed 
for the same unity-GBW. Therefore, this frequency 
compensation is advantageous, if a low-power circuit 
is desired and more chip area can be spent.  

OpAmp with N+1 poles and N zeros in the 
GBW 

Fig.3 shows the simplest implementation of this 
frequency compensation - only one additional 
pole/zero pair. Here, -40dB/decade slope of the gain is 
achieved by using composite first stage: a low fre-
quency path (it conducts until the capacitor Cx breaks 
it) is added in parallel to the first stage (gmC) of an 
OpAmp with MFC.  
 

 
Fig.3. OpAmp with 2 poles and zero in the GBW. 

The transfer function can be easily derived from 
the transfer function of MFC when gm1 is replaced 
with gmC+gmA*r_outA*gmB/(1+s*r_outA*Cx), 
where r_outA is the output resistance of the gmA-
stage. There are additionally to the poles and the zero 
of the Miller compensation a dominant pole = 
−1/(Cx*r_outA) and a zero = −gmA*gmB /(gmC*Cx) 
− 1/(Cx*r_outA). The unity-GBW is approximately 
gmC/Cc. Such an OpAmp can be built using more 
pole/zero pairs to achieve very high gain at low fre-
quency [2]. The capacitor Cx cannot be connected to 
the output of the gmB-stage to use the Miller effect, 
because this will lower the output impedance of the 
first stage for high frequencies and disturb the opera-
tion of the MFC of the whole amplifier. 

Two-stage OpAmp with cascoded Miller 
frequency compensation 

Often, an OpAmp has to drive resistive load con-
nected to ground. An OpAmp with MFC as shown in 

Fig.4a is the simplest solution. However, this circuit 
suffers from bad power supply rejection (PSR): At 
frequencies where the impedance of the compensation 
capacitor is lower than the output impedance of the 
first stage, the compensation capacitor shorts the drain 
and the gate of the output transistor. Thus, a resistor 
divider between the supply voltage and the output is 
built as shown in Fig.4b. 
 

 
Fig.4. OpAmp driving resistive load to ground 
a. OpAmp with MFC 
b. Behavior of the output stage at high frequencies 

 
Fig.5. OpAmp driving resistive load to ground 
a. OpAmp with CMFC 
b. Behavior of the output stage at high frequencies 

Cascoded Miller frequency compensation (CMFC) 
shown in Fig.5a can be used to solve this problem [3]. 
Here the compensation capacitor is not connected 
directly to the gate of the output transistor, but 
through cascode connected transistor Mc, which sepa-
rates it from the gate of the output transistor. Now the 
divider in Fig.4b does not exist anymore (Fig.5b). The 
bias voltage on the gate of the cascode transistor Vbias 
must be referred to ground and not to the supply volt-
age. There is no improvement of the PSR if Vbias is 
referred to the supply voltage. Often, the dashed part 
in the left is added for symmetry. The circuit in Fig.5a 
does not have positive zero in its transfer function, 
because there is only one signal path between the out-
puts of the first- and the second stage. However, this 
is not true for the CMFC in general. Fig.6 shows a 
case were the circuit has second path of different type 
and with opposite sign to the main path. The positive 
zero cannot be removed with nulling resistor (like in 
the MFC), because the stability of the inner loop will 
be degraded. An OpAmp built with folded cascode 
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OTA with NMOS input pair (Fig.5a) has good PSR 
and no positive zero at the same time. OpAmps using 
folded cascode OTA with PMOS input pair or tele-
scopic OTA do not have this property.  
 

 
Fig.6. OpAmp with CMFC and positive zero. 

The transfer function of OpAmp with CMFC like 
in Fig.5a is: 

 
Vout/Vin = gm1*r_out1*gm2*Rload * 

[1 + s*(Cc+CgsC)/gmC] /  
[1 + s*(gm2*Rload*Cc*r_out1 + 
Cgs2*r_out1 +Cload*Rload + 
Cc*Rload +Cc/gmC +CgsC/gmC) + 
s²*(r_out1*Rload*Cgs2*Cload + 
r_out1*Rload*Cgs2*Cc + 
r_out1*Cgs2*Cc/gmC + 
r_out1*Cgs2*CgsC/gmC + 
Rload*Cload*Cc/gmC + 
Rload*Cload*CgsC/gmC + 
Rload*Cc*CgsC/gmC) + 
s³*r_out1*Rload*(Cload*Cgs2*Cc + 
Cload*Cgs2*CgsC +Cc*Cgs2*CgsC)/gmC], 
 

where gmC is the gm of the cascode transistor Mc and 
CgsC is its gate-source capacitance. Commonly it can 
be simplified to: 
  
Vout/Vin = gm1*r_out1*gm2*Rload* 

[1 + s*(Cc+CgsC)/gmC] /  
[1 + s*(gm2*Rload*Cc*r_out1 + 
Cgs2*r_out1 +Cload*Rload) +  
s²*r_out1*Cgs2* (Rload*Cload + 
Rload*Cc +Cc/gmC) + 
s³*r_out1*Rload*Cload*Cgs2* 
(Cc+CgsC)/gmC]. 
 

An OpAmp with CMFC has the same DC gain like 
an OpAmp with MFC and practically the same 
dominant pole: 

dominant pole = -1/(gm2*Rload*Cc*r_out1+ 
Cgs2*r_out1+ Cload*Rload). 

There are two non-dominant poles, which can be 
real or a complex pair. When they are real and 
significantly different, then the one at lower frequency 
is (if the output stage has gain and if Cload is not an 
external capacitor in µF range or larger): 

 
non-dominant poles = -gm2*Cc/[Cgs2*(Cload + 

Cc +Cc/gmC*Rload)]. 
 

It is usually larger than the non-dominant pole of 
the MFC. Therefore, the CMFC has more PM than the 
MFC for the same gm of the output stage. This 
improvement depends on the ratio between Cc and the 
total capacitance at the input of the output stage Cgs2. 
The PM of the OpАmp is higher, when this ratio is 
bigger. But moving the pole to higher frequency with 
larger Cc/Cgs2 changes it together with the other non-
dominant pole to become complex. And when their Q-
factor is high, it is possible that the inner loop shown 
in Fig.7 is unstable. 
 

 
Fig.7.The inner loop in CMFC. 

The inner loop has: zero = 0,  
dominant pole = -1/(r_out1*Cgs2) 
dominant pole = -1/[Rload*(Cload+Cc)+ 

(Cc+CgsC)/gmC] 
non-dominant pole = -gmC/[CgsC+Cc*Cload/ 

(Cc+Cload)] – 1/[Rload* 
(Cload+CgsC*Cc/(CgsC+Cc)]. 
 

Bigger gmC improves the stability of the inner 
loop and at the same time allows to keep the high PM 
of the CMFC. However, the current consumption 
increases. Some additional elements can be inserted to 
assure the stability of the inner loop. Increasing Cgs2 
by adding a capacitor between the gate and the source 
of the output transistor (Fig.8a) reduces the unity-
GBW of the inner loop and improves its stability. But 
this reduces the PM of the whole amplifier. Adding a 
capacitor and a resistor in series (parallel frequency 
compensation) at the same place (Fig.8b) improves 
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this trade-off. Splitting the compensation capacitor in 
two equal capacitors as shown in Fig.8c [4] makes the 
gain of the inner loop always less than 1 and therefore 
the circuit is stable. Thereby the non-dominant pole of 
the whole OpAmp is still higher than the one of the 
MFC. So the power efficiency increases but the 
advantage of good PSR is lost.  
 

 
Fig.8. Improving stability of the inner loop in CMFC 

a. With additional capacitor 
b. With additional capacitor and resistor 
c. By splitting the compensation capacitor 

Two-stage OpAmp with dominant pole at the 
output 

Some voltage regulators have huge capacitive load 
permanently connected to the output and can be built 
as two-stage OpAmp. MFC or CMFC is usually not 
usable here, because it will require a large current in 
the output stage in order to have the non-dominant pol 
at high enough frequency. If the output transistor is 
small (has small Cgs2), then the OpAmp could work 
without frequency compensation, because the poles at 
the outputs of the both gain stages are very different. 
If not, a source follower stage is added between the 
1st and the 2nd stages (Fig.9) and the circuit has: 

 
dominant pole = -1/(Road*Cload) 
non-dominant pole = -1/(r_out1*C_out1) 
non-dominant pole = -gmSF/Cgs2, 
 

where C_out1 is the sum of the output capacitance of 
the first stage and the input capacitance of the source 
follower.  
 

 
Fig.9. Two-stage OpAmp with dominant pole at the output. 

The circuit with source follower stage has two non-
dominant poles instead of one, but they are at much 
higher frequency than 1/(r_out1*Cgs2) . It is because 
the input capacitance of the source follower is less 
than Cgs2 and its output resistance is less than r_out1. 

Two-stage OpAmp for driving variable 
capacitive load 

Sometimes, the OpAmps must drive capacitive 
loads, which vary hundred or more times. The MFC is 
not effective in this case, because if the non-dominant 
pole is canceled with a zero for the case of the 
maximum capacitive load, the circuit could be instable 
for the minimum one. This is shown in Fig.10. The 
reason are high-frequency poles and positive zeros 
(for example gm1/Cgd1 , where Cgd1 is the gate-drain 
capacitance of the input transistors). 
 

 
Fig.10. Bode magnitude plot of OpAmp with MFC 

a. with non-dominant pole inside the GBW and 
without nulling resistor 

b. with non-dominant pole inside the GBW and 
negative zero equal to the non-dominant pole 

c. without non-dominant pole inside the GBW and 
with negative zero inside the GBW 

A well-known simple technique for driving 
variable capacitive load is shown in Fig.11. However, 
it is not suitable for the new low-voltage CMOS 
technologies due to the voltage drop on the resistor 
Ro, which limits the output voltage range. 
 

 
Fig.11. Technique for driving variable capacitive load. 

 

 
Fig.12. Two-stage OpAmp (with feedback) for driving 

variable capacitive load. 
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Fig.12 shows an OpAmp topology, which is 
capable to drive varying capacitive load with small 
current consumption [5]. The idea is to have two 
output stages. The feedback signal to the input at low 
frequencies comes from the output stage driving the 
load capacitor. At high frequencies the feedback 
signal from the other output stage is larger and 
dominates. This is achieved by making A3*beta3 > 
A2*beta2, where A2 is the gain of the second stage, 
A3 is the gain of the additional stage and beta is the 
corresponding feedback factor. A circuit 
implementation is shown in Fig.13. The resistor Rs is 
added to set the DC voltage at the output of the 
additional stage. OpAmps with this frequency 
compensation suffer from high nonlinearity because 
of the two feedback paths. Therefore, they are used 
almost exclusively as voltage regulators. 
 
 

 
Fig.13. Two-stage OpAmp for driving variable capacitive 

loads. 

Three-stage OpAmp with nested Miller 
frequency compensation 

Sometimes the gain of two stages is not enough to 
achieve the desired amplifiers open loop gain. One 
possible solution is to use regulated cascodes [6]. 
Other one is to use three stages, which is very 
attractive for circuits working with supply voltage 
around or below 1V.  
 

 
Fig.14. Three-stage OpAmp with nested Miller frequency 

compensation. 

The idea of the nested Miller frequency 
compensation (NMFC) is the same as of the MFC - to 
make the transfer function of a three (or more in 
general) stage OpAmp like this one of the OTA, with 
only one pole in its GBW. Such an OpAmp is shown 
in Fig.14. There are two nested two-stage OpAmps 
with MFC: 1-(2+3) (the whole amplifier) and 2-3 (the 
inner one). The inner OpAmp works as a buffer for 
frequency larger than 1/(r_out1*Cc1), if Cc1 >> Cgs2 
(which is usually the case) and therefore has to be 
stable with unity gain feedback. The design 
considerations for the two-stage OpAmp with MFC 
are valid here. There is no nulling resistor in series 
with Cc1 because it will cause a pole in the feedback 
of the inner amplifier and degrade its stability. The 
transfer function of the whole OpAmp is: 

 
Vout/Vin = gm1*r_out1*r_out2*Rload*  

(gm2*gm3 - s*gm2*Cc2 - s²*Cc1*Cc2)/ 
[1 + s*gm2*r_out2*gm3*Rload* 
Cc1*r_out1 + s²*r_out1*Cc1*r_out2* 
Cc2*Rload*(gm3 -gm2 + 1/Rload) +  
s³*r_out1*r_out2*Rload* 
Cload*Cc1*Cc2],  
 

when gm2*r_out2 >> 1, Cload is not an external 
capacitor in µF range or larger and Cc1 >> Cgs2, Cc2 
>> Cgs3 , which is usually the case. 

The dominant pole is = −1/(gm2*r_out2*gm3* 
Rload*Cc1*r_out1) 

The two non-dominant poles can be real or 
complex. Their type and positions depend on the ratio 
between the unity-GBW of the inner OpAmp 
gm2/Cc2 and its non-dominant pole −gm3/Cload. 
Thus, they depend on the stability of the inner 
amplifier.   

If the inner OpAmp is very stable (gm3/Cload >> 
gm2/Cc2), then the non-dominant poles of the whole 
OpAmp are real and significantly different. Тhe one at 
lower frequency is -gm2/Cc2. The unity-GBW of the 
whole amplifier must be at least two times smaller (for 
PM>60 degree) than gm2/Cc2 << gm3/Cload. 
Therefore, in this case NMFC is very power 
inefficient compared to MFK.  

If gm3/Cload = 2*gm2/Cc2 (the inner OpAmp has 
PM about 60 degree), then the non-dominant poles of 
the whole OpAmp are complex. If its unity-GBW = 
gm1/Cc1 is set to be 0.25*gm3/Cload = 0.5*gm2/Ck2 
then the PM of the whole OpAmp is about 70 degrees.  
For a given output pole -gm3/Cload, the achievable 
unity-GBW with this frequency compensation is about 
the half of the one with MFC for the same stability 
[6].  
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The transfer function has a positive and a negative 
zero. The positive one is at lower frequency, which is 
several times higher than the unity-GBW of the 
OpAmp, if gm3 >> gm2. Therefore, the impact of the 
zeros can be usually neglected.  

For a given GBW of the whole amplifier, the larger 
unity-GBW of the inner OpAmp makes the whole 
amplifier more stable. This leads to interesting 
property of the NMFC. If the unity-GBW of the whole 
OpAmp and the polе at the output -gm3/Cload are 
fixed, then: reducing the unity-GBW of the inner 
OpAmp increases the stability of the inner OpAmp 
and decreases the stability of the whole amplifier. 
Making the unity-GBW of the inner OpAmp larger 
increases the stability of the whole amplifier and 
decreases the stability of the inner OpAmp. The inner 
amplifier can be compensated with CMFC too, as 
shown in Fig.15. This allows to increase its GBW for 
the same gm3.  
 

 
Fig.15. Three-stage OpAmp with NMFC and CMFC. 

The NMFC has one disadvantage, which prevents 
it for use in OpAmps driving low-resistive loads. The 
unity-GBW of the inner OpAmp has to be larger than 
the one of the whole amplifier. When the last stage 
has no gain, the unity-GBW of the inner amplifier 
decreases and the whole OpAmp could become 
unstable.  

Three-stage OpAmp with multipath nested 
Miller frequency compensation 

The idea of the multipath nested Miller frequency 
compensation (MNMFC) is to add a zero, which 
cancels one pole in the GBW [7]. Such an OpAmp is 
shown in Fig.16. The transfer function is: 
 

Vout/Vin = r_out1*r_out2*Rload* 
[gm1*gm2*gm3 + s*(gm3*gmX*Cc1 – 
gm1*gm2*Cc2) − s²*Cc1*Cc2* 
(gm1+gmX)] / [1 + s*gm2*r_out2*gm3* 
Rload*Cc1*r_out1 + s²*r_out1*Cc1* 

r_out2*Cc2*Rload*(gm3 -gm2 +  
1/Rload) + s³*r_out1*r_out2* 
Rload*Cload*Cc1*Cc2],  
 

when gm1*r_out1 >> 1, gm2*r_out2 >> 1 and Cload 
is not an external capacitor in µF range or larger. It 
has the same poles like the one of the NMFC. There is 
a positive and a negative zero again. However, the 
negative zero can be placed at frequency smaller than 
the unity-GBW by proper gmX. Thus, one of the two 
non-dominant poles can be canceled by this zero. 
Therefore, it is not needed to make both of them 
bigger than the unity-GBW. In order to do so, the non-
dominant poles must be real, which is the case when 
gm3/Cload > 4*gm2/Ck2. The non-dominant pole not 
canceled by the zero has to be at as high frequency as 
possible. 
 

 
Fig.16. Three-stage OpAmp with multipath nested 

Miller frequency compensation. 
 

As mentioned in the section for NMFC, when the 
inner OpAmp is very stable (gm3/Cload >> gm2/Cc2), 
the poles are significantly different and are -gm2/Cc2 
and -gm3/Cload. The negative zero is  
-gm1*gm2/(gmX*Cc1) and if gm1/gmX = Cc1/Cc2, 
then it cancels the non-dominant pole at lower 
frequency.  

It is easy to track both frequencies, as gm1, gm0 
and Cc1, Cc2 match. Therefore, а doublet increasing 
the settling time of the OpAmp can be avoided [8]. 

The remaining non-dominant pole is gm3/Cload, 
the same as in the MFC and the unity-GBW of the 
whole OpAmp can be set to a frequency, like for 
MFC. Therefore, it is about two times larger than the 
unity-GBW of OpAmp with NMFC for the same 
output pole -gm3/Cload and stability. The inner 
OpAmp built with the stages 2 and 3 do not need to 
have larger unity-GBW than the whole amplifier. 
Thus, this topology can be used in OpAmps driving 
low-resistive loads.  

A simple implementation of OpAmp with 
MNMFC is shown in Fig.17. Here gmX = 
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gm1*gm2/(2*gmN). The ratio gm2/gmN varies with 
the process and if the matching between the pole and 
the zero is not good enough, gmX has to be 
implemented as additional input stage. 
 

 
Fig.17.Three-stage OpAmp with MNMFC. 

Three-stage OpAmp with nested Miller 
frequency compensation with feedforward path 

This frequency compensation is shown in Fig.18 
[9]. There is a non-dominant pole in the GBW of the 
OpAmp and zero to compensate it, similarly to the 
MNMFC. The transfer function is:  

 
Vout/Vin = gm1*r_out1*Rload*[gm0*gm2* 

r_out2 + gm3 + s*Cc2*r_out2*(gm3 –  
gm2) - s*Cc1 - s²*Cc1*Cc2*r_out2] /  
[1 + s*Rload*(gm0*gm2*r_out2* 
Cc1*r_out1 + gm3*Cc1*r_out1 +  
Cload) + s²*r_out1*Cc1*r_out2*Cc2* 
(gm3*Rload + 1 + gm0*Rload -  
gm2*Rload) + s²*Cload*Rload* 
(Cc1*r_out1 + Cc2*r_out2) +  
s³*r_out1*r_out2*Rload* 
Cload*Cc1*Cc2]. 

 
When Cload is not an external capacitor in µF 

range or larger, the unity-GBW of the OpAmp is 
gm1/Cc1. There are two zeros with opposite signs. 
The one at lower frequency is negative and depends 
on the gm of the output transistors. The non-dominant 
pole at lower frequency (which is in the GBW of the 
OpAmp) depends on the load capacitor. Therefore, it 
is impossible to make a practical pole-zero cancelation 
as in the MNMFC. However, the nested Miller 
frequency compensation with feedforward path 
(NMFCFP) has one important advantage. Its high 
frequency non-dominant pole depends on the sum 
gm0 + gm3, which allows to place this pole at about 
two times higher frequency, like in an OpAmp with 
class AB output stage.  

The design procedure of NMFCFP could be as 
following: There is a two-stage amplifier consisting of 
stages 1 and 3 (Fig.18) and a three-stage amplifier 

consisting of 1, 2 and 0. The outputs of the both 
amplifiers are added at the output of the whole 
OpAmp. The gain of the three-stage amplifier is larger 
and therefore it dominates at (at least) low-
frequencies.  
 

 
Fig.18. Three-stage OpAmp with nested Miller frequency 

compensation with feedforward path. 

The two-stage OpAmp is easier to make stable, 
therefore it has to dominate at higher frequency. The 
first stage and the compensation capacitor Cc1 are 
common parts of the both amplifiers. The transfer 
function from the input of stage 3 to its output is 
gm3*Rload/(1+s*Cload*Rload). Its unity-GBW is 
gm3/Cload. Stages 2 and 0 forms an OpAmp with 
MFC. If its GBW gm2/Cc2 is smaller than the unity-
GBW of the stage 3, then the two-stage amplifier has 
more gain at higher frequency and its stability 
determinates the stability of the whole OpAmp.  
 

 
Fig.19. Three-stage OpAmp with NMFCFP. 

The amplifier built with stages 2 and 0 can be 
compensated with CMFC instead of MFC to achieve 
higher PSR. Fig.19 shows the simplest 
implementation of OpAmp with NMFCFP, requiring 
only one bias current. The dependency of the current 
through the output transistors on the load current is 
shown in Fig.20a. It is not like in a real class AB stage 
(Fig.20b [10]). If the load current flows in the OpAmp 
and is larger than the NMOS quiescent current, then 
the current through the PMOS drops to zero and the 
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gain of the whole OpAmp is determinate at all 
frequencies only by the two-stage amplifier.  
 

 
Fig.20. Dependency of the current through the output 

transistors on the load current 
a. For class AB stage 
b. For OpAmp with NMFCFP 

Reverse Miller frequency compensation 
Other frequency compensation for three-stage 

OpAmps is the reverse Miller frequency 
compensation [11] shown in Fig.21. 
 

 
Fig.21. Three-stage OpAmp with reverse Miller frequency 

compensation. 

It is suitable for high capacitive load applications 
[4], however it has a non-inverting output stage. The 
implementation of such a stage is shown in Fig.22 
[11].  

 

 
Fig.22. Non-inverting output stage. 

 
It is difficult to keep the pole at the gates of the 

PMOS transistors –gm31/(Cgs31+Cgs32) at high 
enough frequency to not affect the overall stability of 
the circuit, if the output current changes a lot and can 
be much larger than the quiescent current of M32. 
M32 has to deliver the output current and is usually 
big device with large gate-source capacitance. gm31 
depends only on the bias current of M31, when the 
output current is much smaller than the quiescent 
current of M32. Therefore, the bias current of M31 

(and M30) has to be made large, which lowers the 
power efficiency. Because of this practically 
limitation we do not consider any frequency 
compensation with non-inverting gain stage at the 
output. 

Conclusion 

There are many different ways to make a 
frequency compensation for a CMOS operational 
amplifier. However, none of them is universal and can 
be used in any case. Table 1 shows a short summary 
of the presented frequency compensations in the 
CMOS operational amplifiers with some advices for 
their use. 
 

Table 1 
Short summary of the presented frequency compensations 

Frequency 
compensation 

Very suitable 
for 

Not suitable for 

MFC simple circuits, 
fast settling 

huge load 
capacitor 

MFC with gm 
boosting 

low-power 
circuits 

fast settling 

Two-stage with -
40dB/dec.  slope 
of the gain 

low-power 
circuits 

low area 

Three-stage with -
40dB/dec. slope 
of the gain 

high-gain & 
high-bandwidth 

accurate settling 

PFC only some 
special cases 

variable load 
impedance 

CMFC good PSR  
Dominant pole at 
the output 

huge load 
capacitor 

variable load 
capacitor, small 
load resistor 

Two-stage for 
variable 
capacitive load 

variable load 
capacitor 

high linearity 

NMFC high gain high speed, 
small load 
resistor  

MNMFC high gain  
NMFCFP high gain accurate settling 
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Modern advances in energy based electrosurgical devices 

Viktor Tomov, Serafim Tabakov 

 
A modern electrosurgical apparatus incorporates digital mechanisms to control the effect of 

radio frequency (RF) energy delivered to the body tissue. These mechanisms range from a closed loop 
system with constant power delivery to adaptive power control with tissue resistance sensing. 
Important design considerations and constrains include minimal thermal spread and damage of the 
body tissue. Based on the current research and the experience gained, it is concluded that additional 
optimization is achievable by digital signal processing of the output current and voltage waveforms of 
the electrosurgical apparatus. This leads to more effective method to control specific physical effects, 
such as minimized electrode-tissue arcing, low tissue carbonization or vessel sealing. 

 
Съвременни достижения при енергийно базирани апарати за електрохирургия 

(Виктор Томов, Серафим Табаков). Съвременните електрохирургически апарати включват 
различни схемни и програмни решения, които дават възможност за управление на ефекта от 
радио-честотна енергия, подадена към третираната тъкан на пациента. Целта е, 
осъществяване на по-слабо топлинно натоварване на страничните тъканни структури с 
минимални нежелани увреждания. В различни апаратни реализации тези механизми на 
въздействие се осъществяват, чрез система със затворена обратна връзка по мощност, или 
чрез прилагане на адаптивен алгоритъм за регулиране на изходната мощност на базата на 
измерено тъканно съпротивление. От направеното проучване и натрупан опит се стига до 
извода, че допълнителна оптимизация може да бъде постигната чрез прилагане на цифрова 
обработка на изходните сигнали на електрохирургическия генератор. Очакваният ефект е, 
хирургическа интервенция с намаляване на искрите между електрод-тъкан и по-малко 
карбонизиране или запечатване на кръвоносни съдове. 

 

Principles of electrosurgery 

Electrosurgery is one of the most frequent 
procedures in the operating room. It is used in more 
than 80% of all types of surgical procedures. Almost 
every operating room is equipped with radio 
frequency (RF) surgical device. The fields of 
applications of the electrosurgical unit range from the 
most basic dermatology procedures to the most 
intricate open heart and transplant procedures [1] [2]. 

Basically, electrosurgery is the use of RF 
alternating current (AC) to rise the intracellular 
temperature in order to achieve vaporization or the 
combination of vaporization with protein dehydration. 
These surgical effects are also known as cutting and 
coagulation of the tissue. There are at least two basic 
mechanisms whereby RF electricity increases cellular 
and tissue temperature [3]. The majority of heat is an 
electrical effect of the intracellular and extracellular 
ions (commonly include electrolytes Na+, Cl-, Ca++, 
Mg++, etc.) which act as a media for the high 
frequency current. Therefore, resistance is 

encountered by ionic movement as ions collide with 
other molecules, resulting to heat generation. The 
other part of the heat is from net tissue resistance or 
conductive heat transfer [4] [5]. 

The central concept in electrosurgery is that any 
current passing through the tissue will dissipate 
energy as heat [6]. Joule’s law commonly 
approximates the energy quantity in electrosurgical 
therapy: Q = I2×R×t where Q is energy (joule, J), I is 
current (A), R is electrical resistance (Ω) and t is the 
time interval for current to flow. As the electrodes 
have relatively small amount of impedance compared 
to the tissue, the current passing through the closed 
circuit will dissipate the energy in the form of heat 
into the tissue resistance. When current carrying 
electrodes are brought into contact with the tissue, the 
current spreads out in the tissue volume. The closer to 
the electrode, the higher the density of the current will 
be. 

In a monopolar system, the active electrode is 
relatively small, leading to high current density. On 
the other side, the dispersive electrode is large enough 
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so that the contact electrode-tissue impedance is low, 
resulting in low current density and low heat 
dissipation. Assuming adiabatic conditions and no 
phase difference between the current and voltage (no 
reactive components), the temperature rise in the 
tissue volume can be approximated using the function 
[6]: 

 
(1)  
 
where ∆T is the temperature rise, σ is the tissue 
electrical conductivity, c is specific heat capacity and 
ρ is the tissue density. Presuming an idealized model 
of a round electrode positioned in a medium, the 
power density is inversely proportional and falls off 
rapidly with the distance of the electrode: 
 
(2)  
 
where V is the output voltage, a is the radius of the 
electrode and r is the distance from the electrode. 

One aspect in electrosurgery is to control the 
temperature and the time of the tissue exposure to this 
temperature. Applying exact amount of energy to 
achieve specific thermal effect is vital for patient 
recovery. Adverse thermal spread should be reduced 
to minimum. The mechanisms to control the tissue 
temperature exposure are closed loop systems using 
feedback parameters, such as temperature sensors, 
current and voltage waveform recognition, smart 
impedance sensing or combination between different 
methods. 

Effects of controlling tissue temperature 

If we consider tissue volume which experience 
temperature increase up to 45°C, some cytochemical 
processes occur. However, those processes are 
reversible and the tissue cells return to their normal 
state. In general, temperatures above 45°C cause 
breakdown in the living structure and degradation in 
the protein molecule. Depending on the applied time, 
temperatures between 45°C and 60°C solidify the 
proteins inside the cells, during process named 
coagulation. Up to 100°C slow boiling of the 
intracellular fluid occurs. As a result, several cells link 
up and form welding effect, which stops bleeding. 
Around 100°C vaporization of the tissue fluid within 
the cell membrane occurs, resulting in explosion of 
the cells and forming a steam around the electrode. 
This process is termed electrotomy or cutting. Further 
increase of the temperature is causing carbonization of 
the tissue, leading to electrical impedance increase 
and lowering the current density. 

Electrosurgical modes of operation 

Modern electrosurgical generators implement 
variety of RF modes and specific surgical 
applications. A continuous sinusoidal waveform in the 
frequency from 300 kHz up to 4 MHz (figure 1) cuts 
tissue with very little hemostasis. This waveform 
produces a rapid heating of the tissue and causes 
evaporation of intercellular fluids. Modulating the 
duty cycle (on-off time) of the sinusoidal waveform 
results in different surgical effects. Lengthened off-
time (figure 2) gives more time to the tissue to cool 
down, thus increasing both the homeostasis and the 
coagulation effect. Various mechanisms are used in 
recent electrosurgical units (ESU) to generate 
different modulated waveforms and to achieve desired 
surgical effects. The operator is usually able to 
manually select those waveforms on the ESU front 
screen [7]. 

 

Fig. 1. Sinusoidal cut type of waveform. 

 

Fig. 2. Modulated sine-wave output.  
Typical crest factor for coagulation modes range  

from 3, up to 6 and modulation frequencies  
from 20 kHz to 100 kHz. 

Digital output power control 

Most of the electrosurgical generators on the 
market support operator-driven adjustment of the 
output power. Depending on the specific procedure, 
the proper power level could be manually selected. 
Some typical power values are listed in table 1 [8]. 
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Table 1 
Typical surgical procedures using electrosurgical 

generators 

Power Level Procedures 

Low power 
30 W cut 
30 W coagulation 

 
Neurosurgery 
Dermatology,  Plastic surgery

Medium power 
30 W - 150 W cut 
30 W - 70 W coagulation 

 
General surgery 
Major vascular surgery 

High power 
150 W cut 
70 W coagulation 

 
Transurethral resection 
Ablative cancer surgery 

 
In order to achieve the required performance, a 

digital power control unit could be implemented in the 
electrosurgical device. Computer-based systems are 
capable of continuous monitoring of the current and 
voltage levels, therefore an automatic power 
adjustment could be implemented to preserve the 
surgical effect while working on different types of 
tissues with various electrical impedances.  A design 
of such a system is presented in figure 3. The output 
signals (VSENS, ISENS) are monitored and digitized 
using analog to digital converters (A/D). Furthermore, 
the computing unit implements a signal processing 
algorithm for calculating the optimal power delivery. 
The result is used to take the decision whether to 
increase or decrease the generator’s output current in 
order to maintain the set power demand. 

 
 

 
Fig. 3. Simplified block diagram of a modern 

electrosurgical generator. 

Constant power output over a wide range of tissue 
impedances is required to achieve smooth cutting 
performance. Table 2 lists some typical impedance 
measurements during surgical procedures [8]. In this 
aspect, a defined power curve (power versus output 
impedance) could be used for specific surgical effect. 
For example, cutting through mixed type of tissue that 
contains adipose tissue will require extended power 
curve and enough power in the high impedances range 
(figure 4). Furthermore, soft coagulation requires less 
power at higher impedance in order to prevent arcing 
(figure 5). 

Table 2 
Impedance ranges measured during electrosurgical 

procedure 

Tissue Type Impedance Range (Ω) 

Prostate tissue 300-1700 

Oral cavity 
Liver tissue 

1000-2000 

Muscle tissue 500-2000 

Skin tissue 1700-2500 

Bowel tissue 2500-3000 

Adipose tissue 
Scar tissue 

3500-4500 

 
 

 
Fig. 4. Load power curve for regular cut type 

electrosurgical mode. 

Minimal thermal damage 

The key element in recent electrosurgical 
technologies is to minimize the thermal spread and the 
harmful damage of the surrounding tissue. The goal is 
to accelerate the healing process after the surgical 
intervention. As the electrosurgery advances in the 
laparoscopic field, there is an increased demand for 
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minimal invasive procedures. One aspect is to develop 
more sophisticated evaluation of the voltage and 
current waveforms and to implement computing 
algorithms for safer and surgeon convenient work. 

 

 
Fig. 5. Load power curve for low charring soft coagulation 

type electrosurgical mode. 

Conclusions 

With the rapid technological advancements and the 
growth of applications for minimally invasive 
procedures, various complex electrosurgical systems 
could be designed. Several aspects are important for 
further developments:  

• Enhancing the protection of the surrounding 
tissues from thermal damage. 

• Control of arcing during cutting or gentle 
coagulation procedures. 

• Limiting sticking of the tissue on the active 
electrode and easing the cutting process. 

• Precise temperature control of the electrode-
tissue contact area.  

 
This paper is reported in the National forum with 

international participation ELECTRONICA, Sofia, 
Bulgaria, 2017. 
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 TELECOMMUNICATIONS SCIENCE 

Non uniform array antenna with three Luneburg lenses 

Peter Apostolov, Alexey Stefanov 

 
Abstract. This article is an extension of research on the method of compressed cosines in 

array antennas synthesis. Theory and technical solution for the synthesis of non-uniformly 
spaced linear array with three Luneburg lenses are proposed. The applied theory allows 
synthesis of broadband array with high selectivity and without side-lobe array factor. Such an 
antenna system has no analogues. The array antenna is suitable for radio astronomy and 
radiolocation. 

Нееквидистантна антенна решетка с три лещи на Люнеберг (Петър Апостолов, 
Алексей Стефанов). Статията е продължение на изследванията на метода на 
компресирани косинуси в областта на антенните решетки. Предложена е теория и 
техническо решение за синтез на 3 елементна линейна антенна решетка с неравномерно 
разстояние между излъчвателите – лещи на Люнеберг. Приложената теория позволява 
конструиране на свръх широколентова антенна решетка с високо селективен множител 
на решетката и без странични излъчвания. Подобна антенна система няма аналог и е 
подходяща за радиоастрономия и радиолокация. 

 

Introduction 

Uniform linear array (ULA) antennas are spatial 
filters. The theory assumes that they consist of N 
isotropic radiators, uniformly spaced at distance d 
along the z axis. Isotropic radiator have no selective 
properties. The radiation diagram is formed by spatial 
function array factor (AF) which has the form of sin ⁄  function. The diagram pattern has a main lobe 
perpendicular to the z axis and declining side lobes 
that depend on the number of radiators. ULA with a 
larger number of radiators have a better spatial 
selectivity. In practical realization it is not always 
possible for the radiators to be located at equal 
distances. In this regard, since the 60s of last century, 
several researchers developed a theory of Non 
Uniform Linear Array (NULA) antenna [1]. In the 
studies [2], [3] are discussed the problem to 
determining the distances between the radiators to 
achieve a desired pattern that is equal to or similar to 
that of an ULA with an equal number of radiators. For 
the purpose of synthesis, the iteration algorithms are 
used, with the number of array elements N being 
greater than nine. It is natural that with a small 

number of radiators, for example = 3, high 
selectivity cannot be achieved. Fig. 1 shows a non-
uniform linear array antenna with 3 radiators. 

 

 

Fig. 1. Three-element NULA. 

In the picture θ is the azimuth angle and the 
distances cos  and	 cos  are proportional to the 
signal delay time between two adjacent radiators. 
Different distances between elements reduce the 
selective properties of the array antenna. This is 
demonstrated in Fig. 2, and Fig. 3, where ULA and 
NULA pattern diagrams are shown at = 3.  
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Fig. 2. Three-element ULA, = 2⁄ . 

 

Fig. 3. Three-element NULA antenna, 1 = 2⁄ ; 2 = . 

On the other hand, the small number of elements 
does not allow the successful implementation of 
iterative algorithms to determine optimal distances 
between the radiators. This article proposes NULA, 
which resolved these design problems. 

Theory of the method 

In [4] is described ULA antenna with three 
Luneburg lenses. The theory is based on a new 
approximation method with "compressed cosines" [5]. 
The proposed array antenna array can theoretically 
operate in the entire radio diapason with equal array 
factor 

(1) ( ) ( )( ) ( )( )1 2exp 2 1exp 4A j jθ ϕ θ ϕ θ= − − + − . 

In (1) the coefficients 1, -2, 1 are the amplitudes, and 
the exponents are the phases of the antenna currents. 
The phases are expressed by the non-linear function 

(2) ( ) ( )( )erf sin 1
2

kd
π

ϕ θ β θ= − + , 

where erf .  is the integral Gaussian error function, ∈ 2⁄ , 2⁄  is the azimuth spatial angle, аnd = 2 ⁄  is a phase constant. The parameter 0 is 
determined by the half power beam width (-3 dB) ∆  

(3) 
( )

( )

-1 1
erf arccos 1 2

sin HPBWkd

πβ
θ

−
=

Δ

 
 
   , 

where erf .  is the inverse integral Gaussian error 
function.  

The array factor has no side lobes; the parameter β 
changes the beam width of the diagram – Fig. 4. 

 

Fig.4. Array factor. Continuous line = 0.5;  
dashed line = 1. 

Implementation of non-uniform linear array 
antenna with three Luneburg lenses 

The task is to implement the array factor (1) using 
technical devices, provided  – Fig. 1. The 
ULA properties described in the previous paragraph 
are due to two technical solutions: the use of 
Luneburg lenses and the realization of the array factor 
by digital signal processing in the time domain.  

The Luneburg lens is a frequency independent 
isotropic sphere in respect to the origin. Its focusing 
properties depend entirely on the dielectric 
permeability gradient. The lens has the property to 
focus the plain waves from all directions of the angle 
θ in points on one semicircle in the azimuth plane. For 
example, in Figure 5, the rays of the flat EMW of 

030θ ≈ −  direction are focused at point a, and the rays 

of 045θ ≈  direction are focused at point b. 
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Fig. 5. Luneburg lens. 

The Lundeberg's lens with zero diameter is an 
isotropic point radiator. This solution makes the array 
antenna broadband.  

As it is mentioned above, the different distances d1 
and d2 between the radiators reduce the selectivity of 
the array antenna (Fig.3). For the realization a second 
technical solution is proposed - phase alignment and 
application of the time weighting function.  

The signals are received from N equally spaced 
points located on the focal semicircle that correspond 
to N azimuthal directions. The received analog signals 
are converted, sampled, delayed and summed up – 
Fig. 6. 

The phase alignment is done with time delays 
using the dependencies: 
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where c is the speed of light in vacuum. 
 

 

Fig. 6. Lower hemi sphere of Luneburg’s lens with digital 
signal processing. 

Fig. 7 depicts the time delays for the three lenses at = 2⁄ , = , normalized relative to the nominal 
time tnom 

(7) ( ) ( )2 1 2nomt c fλ= = . 

 

Fig. 7. Time delays for phase alignment. 

The flat electromagnetic wave front is a virtual 
plane in which the electromagnetic wave is with an 
equal phase. The application of time delays for flat 
EMWs have the physical sense of converting the 
focus semicircle into a straight line on which the 
EMWs fronts of all N azimuth directions become 
parallel to it and therefore arrive at the same phases. 
This technical solution eliminates the negative effect 
of the difference in distance between the three lenses 
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 and , and they can also be arbitrary. It follows 
that at fixed distances  and , the array antenna 
can operate simultaneously at one or more arbitrary 
frequencies similar to filter banks in the spatial 
domain. 

After phase alignment, a weight function is added 
to the delays of the second and third lenses (Fig. 8) 
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is the derivative of the phase function (2) for =2⁄ . Parameter β is calculated from (3) under the 
same condition: = 2⁄   
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Fig. 8. Weighting function, = 10  

This technical solution realized the phase 
multipliers in the second and third terms of the array 
factor (1) in the time domain. 

Thus, the overall delays for the three lenses are as 
follows: 

(11) ( ) ( )1 1А Atτ θ θ= ; 

(12) ( ) ( ) ( )2 2А At wτ θ θ θ= + ; 

(13) ( ) ( ) ( )3 3 2А At wτ θ θ θ= + . 

Fig. 9. Delay times of the three Luneburg’s lenses = 10  

Fig. 9 depicts the time delays of the three lenses 
for Δ = 10  and = 2⁄ , = . 

Fig. 10 shows the structure of the array antenna.  
 

 

Fig.10. NULA antenna structure with 3 Luneburg lenses 
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The cumulative signal from the second lens is 
multiplied by 2, according to the coefficient of the 
second term of the array factor (1). At the output, all 
signals are summed.  

The described theory has been proved by a Matlab 
computer simulation for a 3-element antenna array 
with distances = 150m ( 2⁄  to 1MHz), =300m and beam width 010HPBWθΔ = . For frequencies 

300 kHz; 1MHz and 3MHz are used 91×3 sinewave 
files, with a sampling frequency of 200MHz. The 
sinusoids are phased so as to simulate the reception of 
signals at three isotropic radiators from 91 spatial 
directions of the angle θ. The signal processing uses 
equations (4-13) the cumulative signal from the sec-
ond antenna is multiplied by two. Fig. 11 shows the 
simulation results. For frequency range of one decade 
the array factor is constant. It follows that when the 
frequency band is divided into sub-bands, the 
described array antenna (Fig. 10) is a spatial prototype 
filter bank with а sampling period of tnom (7).  

Conclusion 

A theoretical method and technical solution for the 
design of an ultra-wideband three element NULA 
antenna with Luneburg lenses is proposed. The de-
scribed formulas (4-13) allows to the design of narrow 
beam broadband, without side lobes NULA, and with 
constant selectivity of the array factor. The proposed 
method and array antenna have no analogue in the 
domain of antenna technique. 

 
This paper is reported in the National forum with 

international participation Electronica, Sofia, 
Bulgaria, 2017. 
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APPLICATION IN PRACTICE 

Practical implementation of integrated ambient light sensors in 
visible light illuminance measurements 

Emil Vladkov  

 

Modern Ambient Light Sensor (ALS) integrated circuits can be used not only in control and 
automation tasks they have been designed for but due to their useful additional features can also be 
implemented at the heart of measurement platforms to characterize illuminance levels as perceived by 
the human eye too. The article describes a practical implementation of such a device in photopic 
measurements and gives a detailed insight into the OPT3001 sensor structure and function, the 
communication protocol used to transfer digital data to a system microcontroller and the processing 
and display system hardware itself. A block diagram description of the device specific firmware 
follows with different subroutines listed to address not only the specific hardware configuration and 
error processing tasks but the measurement reading, processing, conversion and display tasks as well. 
The device concept functionality has been verified by some measurements performed on a standard 
high power LED device parameters (luminance flux) showing good coincidence with manufacturer 
data and even the potential for obtaining more illuminance related data as available with such a 
simple highly integrated and cost-effective measurement platform. 

Практическо приложение на интегрални сензори на осветеност за фотометрични 
измервания (Емил Владков). Модерните интегрални сензори на осветеност намират 
приложение не само при реализация на задачи по управление и автоматизация, но 
благодарение на полезните си допълнителни характеристики могат да бъдат ядрото на 
измервателни платформи за фотометрични величини. Статията описва практическа 
реализация на устройство на база интегрален сензор OPT3001, като запознава детайлно със 
структурата и функционалността му, използвания комуникационен протокол, както и с 
хардуерната система за обработка и представяне на резултатите. Включено е и описание на 
специфичното програмно осигуряване, включващо подпрограми за конфигуриране на сензора, 
обработка на грешки, прочитане, конверсия и представяне на резултатите. 
Функционалността на концепцията се потвърждава от измервания на параметрите на 
стандартен мощен светодиод, показващи добро съвпадение с каталожните данни, както и 
потенциала за получаване на по-подробни резултати с относително проста, 
високоинтегрирана и икономически ефективна измервателна платформа. 

 

I. Introduction 

The illumination of working places and human 
living ambient can strongly influence the 
physiological processes in the human body and even 
the psyche. Insufficient illumination directly threatens 
human vision but also can have several adverse side 
effects on human work activity, for example fatigue, 
reduced productivity and even accidents. A rise in 
illumination levels from 100 to 1000 lx can increase 
productivity from 5% to 40%, depending on the  
nature of the activity [1]. Usually standards determine 
illumination measurements to be done – for example 

horizontal illuminance measurements (at the working 
place), vertical illuminance measurements 
(blackboards and whiteboards, shelves) and 
cylindrical illuminance measurements, representing 
vertical measurements done 90º apart and averaged 
[2,3]. The indicative norms for illumination of study 
rooms and office places suggest average illuminance 
levels of at least 500 lx. Emergency evacuation 
lighting on the other hand, which is obligatory for the 
operation of buildings with more than 50 inhabitants, 
shall guarantee at least 0.5 lx floor illuminance level. 
Related to the illumination topic is the illumination 
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non-uniformity rate, which represents the lowest to 
the mean illumination ratio at the working place. 

Illuminance level measurements can not only 
characterize the working environment quality, but also 
they can be used in automation systems for light 
sources intensity control and for indication and 
signaling system visibility adaptation, for example in 
street and traffic lights. 

Usually the conformity with the good illuminated 
working environment sanitary norms and standards is 
verified through continuous measurements with 
instruments called lux-meters. These devices consist 
of a photosensitive element, amplification circuit, 
converter and a result interpreting and representing 
system, which can be both analogue and digital. 

The light intensity measurement task is greatly 
simplified nowadays because of the vast majority of 
integrated ambient light sensors (ALS) offered by 
many semiconductor companies. These ALS devices 
integrate the photosensitive element and the additional 
electronics to perform the analogue-to-digital 
conversion and incorporate many additional features 
too, as illuminance threshold values triggering events 
reporting when exceeded, consecutive measurement 
results averaging, automatic range setting function, 
interrupt generation for the managing microcontroller 
to read the results and several others. 

II. Photopic illuminance measurements 

In photometry the measurements of light are 
referenced to the brightness perceived by the human 
eye in contrast to radiometry, which makes 
measurements referenced to the absolute power of 
light as radiant energy [4]. In photometry the radiant 
power is weighted at each wavelength by the so called 
luminosity function, which models the human eye 
sensitivity. The luminosity function adapted to day-
time is called the photopic sensitivity function 
(represented in Fig. 1 [4]), and if it is darkness-
adapted is called the scotopic sensitivity function. 

 

 
Fig.1. Spectral luminous efficiency of photopic vision – 

photopic sensitivity function. 

If an ambient light sensor has to be useful in 
visible light intensity measurements related to the 
human lighting experiences, then the sensor’s spectral 
response shall tightly match the photopic response of 
the human eye, which includes significant infrared 
rejection too. 

The single chip lux-meter OPT3001 evaluated by 
this work measures the intensity of light as visible by 
the human eye regardless of the light source with 
precision human-matched spectral response and strong 
IR rejection as it is designed for systems that create 
light-based experiences for humans [5]. The spectral 
response of OPT3001 compared to that of the human 
eye is shown in Fig. 2. 

 

 
Fig.2. Spectral response of the OPT3001 and the human 

eye compared. 

III. Ambient Light Sensors types 

A classification of the different light sensing 
technologies available for measurement purposes too 
is presented in Fig. 3 [6]. The Cadmium Sulfide (CdS) 
photoelectric cells match the human eye response, but 
contain a prohibited material (Cd), which makes their 
application at the consumer market a little bit difficult. 
Photodiodes have a relatively low dispersion between 
individual units, but their low output current makes 
the use of an external amplification circuit mandatory. 
Phototransistors have good output drive capabilities, 
but poor temperature behavior and large dispersion 
between units, which demands additional calibration 
steps. The Ambient Light Sensor (ALS) technology 
addresses all these shortcomings and can be 
additionally subdivided in Analog ALS integrated 
circuits (IC’s) and Digital ALS IC’s. The typical 
Analog ALS IC combines a photodiode, a current 
amplifier and a general control circuitry with the 
output being analog current converted to voltage by 
means of a simple resistor. To be interfaced to a 
system microcontroller an additional conversion 
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process by an ADC is needed for this technology. On 
the other hand the Digital ALS IC integrates the ADC 
converter and can be easily interfaced to the system 
microcontroller through the I2C bus, as is the case 
with the evaluated OPT3001 sensor. 
 

An
al

og
 A

LS
 IC

D
ig

ita
l A

LS
 IC

 
Fig.3. Classification of ALS technologies. 

IV. The OPT3001 Ambient Light Sensor 
description and features 

The functional block diagram of the Texas 
Instruments OPT3001 device matches the description 
of the Digital ALS IC given in Fig. 3 and is presented 
in more detail in Fig. 4 [5]. The circuit is fully self-
contained and can measure illuminance levels ranging 
from 0.01 lx to 83865.60 lx. After conversion it 
communicates the result digitally over the I2C bus. 
The result can trigger an interrupt (via the INT pin) to 
a processor, or can be compared to a window with 
Low and High limits of illuminance levels (register 
programmable) and again can alert a system or trigger 
and interrupt. 

 
Fig.4. OPT3001 functional block diagram. 

The automatic full-scale range-setting mode selects 
the optimal range for every lighting condition 
releasing the burden of iterative cycles of 
measurements and readjustments from the user 
software. The auto-range mode is accomplished with 
the help of a 10 ms range assessment measurement to 

determine the appropriate full-scale to make the 
regular first measurement after entering this mode and 
then using the results of the previous measurements 
for the subsequent measurements. Depending on the 
result being towards the lower or upper side of the 
full-scale, the range is decreased or increased. If the 
full-scale range is exceeded due to a fast optical 
transient event the current measurement is aborted 
without being reported and a new 10 ms assessment 
measurement is taken. 

Continuous or single shot measurement modes are 
programmable with integrating times for the result to 
be complete of either 100 ms or 800 ms. As the device 
starts in low-power state, it has to be properly 
initialized by the system firmware. The optical 
filtering system of the device is not excessively 
sensitive to dust particles or micro shadows on the 
optical surface of the IC, nevertheless keeping the 
optical surface clean is recommended for best results. 

Communication over the serial I2C bus is standard 
with the master issuing the start condition over the bus 
and then addressing the OPT3001 device via the slave 
address byte consisting of seven address bits and a 
direction bit to distinguish between read and write 
operation. Four I2C addresses are possible by 
connecting the ADDR pin of the IC to one of the other 
pins: GND, VDD, SDA and SCL, as shown in Table 
1. Every transaction on the serial interface is 
terminated by the master with a stop condition. 

Table 1 
Possible OPT3001 I2C addresses and their configuration 

OPT3001 I2C address ADDR pin connection 
1000100 GND 
1000101 VDD 
1000110 SDA 
1000111 SCL 

 
Configuration and result reading occurs on the 

OPT3001 through a set of dedicated registers with 
their distinctive addresses as shown in Table 2. To 
initialize and change the mode of operation some of 
the registers are written by the host microcontroller. 
The Write operation consists of the following 
sequence of events: the master addresses the slave 
with its slave address with the last R/W\-bit set to low 
(write); the next byte is the address of the register the 
data has to be written to; the next two bytes represent 
the data written to the addressed register; every byte 
transmitted on the serial interface is acknowledged by 
the OPT3001; the master terminates the transfer with 
a stop condition. To obtain the result data the result 
register has to be read by the host microcontroller. 
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During the read operation the following sequence of 
events happens: the master writes in a separate write 
operation (embedded in a start-stop condition of the 
bus) the register address of the register, which has to 
be read; the master issues a start condition, followed 
by the slave address byte with the last bit set high 
(read); the OPT3001 transmits two bytes (MSB first) 
with the data to be read by the master – in the 
evaluated design case the measurement result; the read 
data has to be acknowledged by the master; the master 
issues a stop condition. The timing diagrams for the 
I2C transactions as they occur in the design presented 
are given in Fig. 5. The host microcontroller writes to 
the Configuration and the Low Limit registers and 
reads the result from the Result register and the proper 
timing for these operations to occur is achieved 
through the firmware routines. 

Table 2 
OPT3001 register map 

Register name Register address 
Result 00h 
Configuration 01h 
Low Limit 02h 
High Limit 03h 
Manufacturer ID 7Eh 
Device ID 7Fh 
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 Fig.5. OPT3001 register write and read timing diagrams. 

The interpretation of the individual bits of the 
OPT3001 registers  accessed in software during 
ititialization and continuous result reading is given in 
the register maps presented in Fig. 6. The exponent 
field of the result register represents the resolution or 

the LSB size in lx of the result R[11:0] field. The 
actual expression used by the firmware to translate the 
result register content into an lx-value is given with 
equation (1) with the interpretation of the exponent as 
a resolution in lx shown in (2). 

(1) ]0:11[__ RsizeLSBresultLX ×= , 

(2) ]0:3[201.0_ EsizeLSB ×= . 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

E3 E2 E1 E0 R11 R10 R9 R8 R7 R6 R5 R4 R3 R2 R1 R0

R R R R R R R R R R R R R R R R

Bit number
Bit meaning
Access type

Result Register (address = 00h)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RN3 RN2 RN1 RN0 CT M1 M0 OVF CRF FH FL L POL ME FC1 FC0

R/W R/W R/W R/W R/W R/W R/W R R R R R/W R/W R/W R/W R/W

Bit number
Bit meaning
Access type

Configuration Register (address = 01h)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LE3 LE2 LE1 LE0 TL11 TL10 TL9 TL8 TL7 TL6 TL5 TL4 TL3 TL2 TL1 TL0

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit number
Bit meaning
Access type

Low-Limit Register (address = 02h)

LE[3:2] = 11b set by firmware to enter End-of-Conversion mode 
with the INT pin going active on every measurement completion

Register fields explanation and their values as loaded by the firmware:

Range field – selects the full-scale range of the ALS IC; loaded with 1100b for automatic full-
scale setting mode.

RN[3:0]:

CT: Conversion time field – determines the length of the digital conversion process with 100 ms and 
800 ms choices; loaded with 1b for 800 ms conversion time.

M[1:0]: Mode of conversion operation field – selects between shutdown, single-shot or continuous 
conversion modes; loaded with 11b for continuous operation.

OVF: Overflow flag field – indicates device overflow condition due to exceeding device illumination 
leves, indicated by full-scale or absolutely; read-only, left to 0b as the reset value.

CRF: Conversion ready field – indicates when a conversion is complete; read-only, left to 0b as the 
reset value.

FH: Flag high field – indicates that the result is larger than the level in the High-Limit Register; read-
only, left to 0b as the reset value.

FL: Flag low field – indicates that the result is smaller than the level in the Low-Limit Register; read-
only, left to 0b as the reset value.

L: Latch field – controls the functionality of the interrupt reporting mechanism; set to 1b for latching 
the interrupt event until an user-controlled clearing event occurs.

POL: Polarity field – controls the polarity of the active state of the INT pin; set to 0b for active-low INT 
polarity.

ME: Mask exponent field – forces the Result Register exponent field to zero and available only in the 
manual full-scale setting mode; left to 0b as the reset value.

FC[1:0] Fault count field – sets the number of the consecutive fault events (exceeding levels of the limit 
registers) to trigger the interrupt reporting mechanism; left to 00b for one fault as not used.

 

Fig.6. OPT3001 register maps and bit descriptions. 

Table 3 lists the full-scale  range values and 
corresponding resolutions as a function of the 
exponent field value. As auto-range mode is used in 
the device prototype and the ALS IC automatically 
selects one of the possible resolutions and full-scales 
depending on illumination level, it has been found to 
be convenient and useful to display on the LCD panel 
not only the final illuminance level result, but also 
information about the resolution of the actual 
measurement completed. 

Fig. 6 displays the content of the Configuration 
Register, which controls the major operation of the 
ALS device and is properly set by firmware to the 
field values (listed in the figure) allowing continuous 
conversion and display of the illuminance results with 
the maximum possible accuracy. The Low-Limit 
Register although not directly used in the proposed 
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device functionality is modified by the firmware to 
allow a specific End-of-Conversion mode with INT 
triggering at every completed measurement and so is 
presented in the register map too. 

Table 3 
OPT3001 full-scale ranges and resolutions as a function of 

the Result Register exponent value 

E[3:0] Full-scale range, lx Resolution, lx 
0000b 40.95 0.01 
0001b 81.90 0.02 
0010b 163.80 0.04 
0011b 327.60 0.08 
0100b 655.20 0.16 
0101b 1310.40 0.32 
0110b 2620.80 0.64 
0111b 5241.60 1.28 
1000b 10483.20 2.56 
1001b 20966.40 5.12 
1010b 41932.80 10.24 
1011b 83865.60 20.48 

V. Hardware implementation of the lux-meter 
device prototype based on the OPT3001 ALS  

The detailed schematic diagram of the proposed 
lux-meter design is presented in Fig. 7. In general it is 
a microprocessor system build around the 8-bit 
AT89C2051 microcontroller U1 with the associated 
components – the quartz crystal X1 and the capacitors 
C1 and C2 building its clock source and the R1-C3 
group performing the initial start-up reset of the 
circuit. The microcontroller is responsible for four 
types of tasks including following: communication 
with the ambient light sensor IC through the I2C bus, 
sensor result value calculation and reformatting in 
ASCII decimal notation, control and representation of 
the reformatted results on a liquid crystal display and 
transfer of the results through a serial interface to a 
remote computer for display and additional 
processing. 

The U3 integrated ambient light sensor OPT3001 
communicates with the host microcontroller trough a 
serial I2C type interface, consisting of the serial clock 
signal SCL driven by the P3.5 line of the 
microcontroller and the serial data SDA bidirectional 
line connected to the P3.4 line of U1. Reading of 
sensor data is accomplished in interrupt driven mode 
when data is available upon conversion end, so the 
INT-output of the sensor supplies the Interrupt 0 
(INT0\) input of the microcontroller with the R4 being 
the pull-up resistor for the line. Port 1 of the 
microcontroller (signals P1.7 to P1.0) transfers the 
ASCII-formatted result data and address information 

to the U2 liquid crystal display (PC802A or similar 
2x8 backlit type). The control signals for the display 
RS, R/W\ and E are generated by firmware and are 
supplied through the microcontroller P3.3, P3.0 and 
P3.7 lines. The display contrast is adjusted with help 
of the R3 and the P1 potentiometer. The current of the 
backlight LEDs is limited trough the R2 resistor. The 
display interface is an industrial standard one with a 
well-documented and widely used protocol, so every 
compatible 2x8 display can be used. 

The serial interface for connecting the device to a 
remote computer is build around the U5 integrated 
circuit MAX232 with the associated components C7, 
C8, C9 and C10 and the J2 connector. As data 
transmission occurs only in one direction, from the 
lux-meter device to the remote computer only the 
TXD signal (P3.1 of the microcontroller) is actually 
supplied to the RS232 interface. Remote control of the 
measurements from the remote computer is not 
provided, so there is no RXD-line wired. The device 
prototype does not even use the serial interface at all, 
so the circuit board is not populated with the 
respective components, but the firmware developed 
supports the serial communication. 

Two types of voltage supplies are necessary with 
the proposed schematic – the integrated ambient light 
sensor circuit U3 expects a 3.3V supply whereas the 
other integrated circuits are with a normal 5V supply 
voltage. The power supply module is build around the 
3-terminal voltage regulator U6 LM7805 with the 
associated components C11, C12 and C13 with D1 
functioning as the input power supply reversal 
protective diode and the second voltage regulator U4 
TLV71333 [7], the last one transforming the 5V input 
voltage to the necessary 3.3V. The U4 regulator IC 
does not need additional capacitors to provide correct 
functionality in contrast to standard voltage regulator 
ICs. In the tested prototype device the whole circuitry 
is supplied with power from a 9V battery and an 
additional microswitch is provided to switch off the 
LCD backlight to ensure a longer battery life when not 
working in dark environment conditions. In the device 
prototype the OPT3001 sensor is positioned on a 
separate add-on board with its back to the LCD 
display, so the light from the display backlight does 
not interfere with the actual measurements in dark 
conditions. No such disturbing self-generated noise 
like effect due to the backlight was observed during 
the device tests. 

VI. Device firmware description  

The firmware block diagram is shown in Fig. 8. 
After initial power-up the hardware initialization 
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occurs governed by the 89C2051 microcontroller. The 
initialization sequence includes setting up the SCL 
and SDA lines, the interrupt mode configuration of the 
processor and the relocation of the stack pointer to an 
address space, which will not be used by the service 
routines of the firmware. Initialization of the serial 
port and the LCD panel follows, performed by the 
SerInit and LCDInit subroutines. The initialization 
of the integrated ALS OPT3001 is next to be done 
with the microcontroller writing specific values to the 
two of the internal registers of the sensor – the 
Configuration Register and the Low Limit Register 
(the values are shown in the figure). Continuous 
measurement cycle with 800 ms integration time auto-
range mode and interrupt at the completion of every 
measurement are configured with these values. The 
OPT3001_InitialConfig is the subroutine responsible 
for setting up the OPT3001. After initialization 
completes the firmware enables interrupts and enters 
an endless loop, which it periodically abandons to 
service the OPT3001-generated interrupts. After every 
interrupt and before entering the waiting loop again 
the steps and subroutines described below are 
sequentially executed. 

The OPT3001 Result Register is read with its value 
being stored in the R1/R0 register pair. This is 
accomplished by the LuxMeasurementRead 
subroutine. The measurement resolution is extracted 
from the result exponent field with the resolution 
being stored in the R3/R2 register pair and the 
fractional result remaining in the R1/R0 pair. The 
resolution is converted to ASCII decimal notation and 
is stored as a string in the internal RAM memory of 
the microcontroller starting at address 50h. The ASCII 
string conversion is performed by the 
UTIL_BINTOUDEC subroutine, which converts 16-
bit binary integers to a decimal ASCII string. The 
resolution computed in this way is printed on the LCD 
first line and is transmitted on the serial port too, 
which is the PrintToDisplayI_Line1, Message and 
MessageTAB subroutines task. The final value of the 
illuminance in lx is calculated with the help of the 
UMUL16 subroutine as a multiplication result of the 
fractional result value and the resolution, the result 
being stored in binary notation in the R3/R2/R1/R0 
registers. The final binary result is converted to ASCII 
decimal notation and the string is stored in RAM 
starting at address 50h again. As a 24-bit conversion 
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Fig.7. Complete schematics of the OPT3001 based lux-meter prototype device. 
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has to be performed another more specialized 
subroutine UTIL_BINTOUDEC24 takes on the task. 
The converted result ASCII string is printed on the 
second display line and is transmitted on the serial 
port too with the help of the PrintToDisplayI_Line2, 
Message and MessageCRLF subroutines. 

During the execution of all conversion and 
communication subroutines an error check is 
performed with the CheckError service routine to 
test for missing acknowledgements on the I2C bus for 
example  and for other communication and 
computational problems too. In the presence of errors 
interrupts are disabled, an error message is printed on 
the display (PrintError subroutine), a software reset 
is performed on the OPT3001 (SoftReset subroutine) 
with the code execution being returned to the initial 
OPT3001setup entry point and normal code execution 
resumes. 
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Fig.8. OPT3001-based lux-meter firmware block diagram. 

VII. Measurement setup and experimental 
results 

To obtain the experimental results presented in 
Table 4 and Fig. 9 showing the luminous flux 
dependence of a high power LED Epistar 1W [8] on 
the forward current the experimental setup illustrated 
on Fig. 10 is used. The measurement setup includes a 
12V power supply, an adjustable current source with a 
0-300mA range, a milliamp meter and the diode under 
test Epistar 1W. 

Table 4 
Epistar 1W High Power LED measurement results with the 
LIMBOX® measurement setup and the OPT3001 LuxMeter 

I, mA 
ΦV, 
lm 

A, m2 
ΦV, lm 

(experiment) 
EV, lx 

(experiment)
2.00   0.092825 0.88 9.50

3.00   0.092825 1.25 13.50

4.00   0.092825 1.67 18.00

5.00   0.092825 2.09 22.50

6.00   0.092825 2.55 27.50

7.00   0.092825 2.97 32.00

8.00   0.092825 3.48 37.50

9.00   0.092825 3.95 42.50

10.00   0.092825 4.41 47.50

11.00   0.092825 4.73 51.00

12.00   0.092825 5.11 55.00

13.00   0.092825 5.52 59.50

14.00   0.092825 6.03 65.00

15.00   0.092825 6.54 70.50

16.00   0.092825 6.96 75.00

17.00   0.092825 7.43 80.00

18.00   0.092825 7.89 85.00

19.00   0.092825 8.35 90.00

20.00   0.092825 8.86 95.50

25.00 10 0.092825 11.05 119.00

30.00   0.092825 12.72 137.00

35.00   0.092825 14.85 160.00

40.00   0.092825 17.17 185.00

45.00   0.092825 19.12 206.00

50.00 18 0.092825 21.07 227.00

60.00   0.092825 24.69 266.00

71.00   0.092825 29.24 315.00

80.00   0.092825 32.49 350.00

90.00   0.092825 35.27 380.00

100.00 35 0.092825 39.54 426.00

120.00   0.092825 45.48 490.00

150.00 50 0.092825 56.16 605.00

190.00 65 0.092825 66.37 715.00

215.00   0.092825 74.26 800.00

238.00   0.092825 79.83 860.00

250.00 83 0.092825 82.61 890.00

260.00   0.092825 85.86 925.00

280.00   0.092825 91.90 990.00

290.00   0.092825 95.61 1030.00

295.00 98 0.092825 96.82 1043.00
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Fig.9. Luminous flux versus forward current dependence. 

Because of the extreme heat generation due to the 
high power nature of the LED it is mounted on a 
heatsink. The LED OPT3001 based lux-meter system 
is situated in the LIMBOX®  measurement chamber 
with the following dimensions: height 160mm and a 
square cross section of 390x390 mm, which complies 
with the radiation angle of the LED 2θ = 130° taken 
from the Epistar datasheet. So the whole light spot 
produced by the LED is located within the bottom side 
of the chamber without parasitic reflections from the 
side walls compromising the measurement accuracy. 
The luminous flux of the LED ΦV (a parameter given 
in the device datasheet) and the illuminance level EV 
at the point the lux-meter is placed (opposite to the 
LED at the bottom side of the chamber) relationship  
is given by equation (3) 

(3) lxEAlm VV ,, ×=Φ , 

with A being the area of the conical cross section of a 
sphere with a radius r, equal to the chamber height and 
a cone angle equal to the LED radiation angle.  

This area is computed for the actual measurement 
chamber dimensions according to the Fig. 9 
expression inset with the value being used in Table 4 
to relate flux and illuminance levels. As the intensity 
of the Epistar LED is nearly constant within the whole 
radiation angle of the device used in the calculations 
of the illuminated area as evident from the Fig. 11 
radiation pattern [8], the  equation (3) is applicable to 
the illuminance level / luminous flux conversion 
without compromising the accuracy of the setup. 
Additionally there is a sharp drop in the intensity of 
the LED outside the radiation angle, so the complete 
luminous flux is practically taken into account in this 
measurement setup. The LIMBOX® chamber 
completely eliminates external light noise preventing 
ambient light to penetrate to the measurement device. 

16
0

h

 

Fig.10. Experimental setup for testing the OPT3001 
luxmeter. 

 
Fig.11. Epistar LED radiation pattern. 

VIII. Conclusion 

The comparison of the second (scarce flux data 
from the Epistar LED datasheet) and fourth (much 
richer experimental data, obtained with device 
prototype shown in the Fig. 12 photos with the 
OPT3001 piggybacked board visible) columns in 
Table 4 clearly demonstrate that integrated ALS 
solutions prove to be more than adequate for building 
measurement platforms both as functionality and 
result accuracy obtainable. 
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Fig.12 OPT3001 lux-meter device prototype. 
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From electrica to invariant automatica 
(Or how to use the knowledge about Theory of electricity for enter into  

Theory of invariant automatic control) 

Part one: System and invariant electric model 

Milan Stankov 

 

От електрика към инвариантна автоматика (или как да използваме познанията си 
по „Теоретична електротехника“ за да вникнем в управлението на технологичните 
процеси), Първа част: Енергия, система и инвариантен електричен модел (Милан 
Станков). 

 

Energy and system 

The knowledge of Theory of Electricity as a rule 
serves for a common view over all educative themes 
that contain the concept electricity, regardless of its 
applications in machines, installations, equipments, 
communications etc. The investigation the properties 
of the electricity like a mode of the matter, it becomes 
evident the behaviors of the electromagnetic field in 
the space and the time, of the electric current in 
conductors and semiconductors, of the electric energy 
in the transferring and distributing systems as and its 
consumption in machines, installations, equipments, 
towns and cities etc. But furthermore in the fields 
when the electric energy is unavoidable necessity, 
there is possible the theoretical knowledge about the 
electricity to serve also for molding of every kind of 
system, independently of the nature of the energy 
(mechanical, thermal, chemical, thermonuclear, etc.). 
That follows from the concept “energy” coming from 
the 

Axiom A1.1. Energy is a common measure for 
movement of the matter in dialectic sense of this 
concept. 

Axiom A1.2. Matter exists only in state of 
movement. 

From the axioms A1.1 and A1.2 follows the trivial 
proved 

Theorem T1.1. Energy is a common measure for 
existence of the matter  

Like a consequence from theorem T1.1 cannot 
renounce that the state of energetic of every human 
community (state, union, empire etc.) defines 
qualitatively and quantitatively the existence of its 
civilization. And in view of the fact that the 

characterization of every community requires a 
systematic method of approach, it is necessary to 
define the concept system. 

Definition D1.1. System is every pair from the 
description of Fig.1, when with ES is marked 
energetic source and with EC – energetic consumer.  

System can be:  
- natural fact: solar system (the Sun generating 

gravitational energy exchanged with planets 
around him), cardiovascular system (the heart 
supplying with blood every living organism for 
necessary living energy), nervous system (the 
brain sending commands by nerves to the organs 
of the living organism), atom system (the nucleus 
exchanging energy with the electrons around 
him) etc.; 

- creation of the human community (energetic 
system, transport system, economic system, state 
system etc.). 

 

 
Fig.1. 

Axiom A1.3. A system (see Fig.1) can be 
controlled then and then only when are known the 
technical properties of the consumer and the energetic 
source and it is possible to change the energetic flow 
to the consumer according a human desire. With 
other words: to control must now and can. 

Definition D1.2. An object O included in system 
(see Fig.2) is controlled when it is an engine changing 
its outlet qualitative or quantitative property x of the 

28 “Е+Е”, 7-8/2017



 

material substance containing or passing trough him in 
the property х0 by a change of the energetic flow E 
according the function Е = Е(х0). The property х0 is 
choosed or programmed in the time t by human desire. 

 

 
Fig.2. 

Definition D1.3. If the outlet property  x of the 
system is a mathematic function of the real numbers 
the system is named analog, if it is a function of the 
integer numbers the system is named discreet 
(numeric or digital). 

Definition D1.4. A system that is composed by: 
- object with constant trough all working period 

parameters; 
- energetic source with unlimited for all working 

period energetic reserves; 
- energetic source with interminable in relation to 

consumed by the object power; 
- constant quality of the energetic flow toward the 

object, 
is named invariable and its parameters – its 
invariants. 
 

System RLC like a model of invariant system. 

1. Balanced (stable, permanent, continued) 
energetic process in a RLC system. 

 

 
Fig.3. System RLC in stable mode.  

Definition D1.5. An invariant system is in state of 
balanced (stable) working mode when its action (in 
this case the current) is constant. 

The generalized law of Ohm for the electric 
circuit on Fig.3 defines the balanced state between the 
supplying voltage u of the source and the voltage falls 
in the same circuit about the equation: 

(1.1)   ++=++=
t

CLR idt
Cdt

di
LiRuuuu

0

1
, 

where uR, uL and uC are respectively resistive, 
inductive and capacitive voltage falls.  

The supplying voltage can be a function in the 
time t periodic, periodic sinusoidal or continued.  

When the supplying voltage u is periodic the 
RLC system consumes the full energy: 

(1.1.1)   222
DQPS EEEE ++= , when 

EP is active, EQ – reactive and ED – deforming 
component of energy. The three components 
constitute a tridimensional Euclidean space. Let name 
this space ε(3) 

When the supplying voltage u is periodic 
sinusoidal the RLC system consumes the full energy: 

(1.1.2)   22
QPS EEE += . 

Here the deforming component ED = 0 because 
there is not any deformation of the sinusoidal function 

)(tu  of the supplying voltage u . The two 
components constitute a two-dimensional Euclidean 
space. Let name this space ε(2). 

When the supplying voltage u is periodic 
sinusoidal and L = 0 and also C = 0 the RLC system 
consumes the full energy: 

(1.1.3)   PS EE = , 

because the reactive components L and C consumes 
not any energy. Here is trivial clear that the active 
component of energy PE  constitutes a one-
dimensional Euclidean space. Let name this space 
ε(1). 

When the supplying voltage u is continued and  
L = 0 and also C = 0 the RLC system consumes the 
full energy as in the case defined in the equation 
(1.1.3). Here also the active component of energy PE  
constitutes a one-dimensional Euclidean space named 
ε(1). 

The full energy SE  presents the scalar 

production: 

(1.2)   StUItIUdtE
t

S === 
0

, 

where I and U are effective values of the current 
i trough the system and the input voltage u , S – full 
consumed power that also possess three components: 
P – active, Q – reactive and D – deforming.  

“Е+Е”, 7-8/2017 29



 

The integral (1.2) is convergent in the sense of 
Lebesgue that means an integral of Riemann because 
the current i  and the voltage u are limited function of 
an absolute and calendar time t, that make them one-
signed and reversing. So they are integrated after a 
raise to the second power and by this cause the 
effective values I and U represents norms 
(magnitudes) of the vectors i(t) and u(t) in the space 
L2. 

Axiom A1.4. The concept effective value is a 
physical measure for energetic effectiveness of action 
or quality of the system. 

Axiom A1.5. The consumed by the system full 
energy ES is a monotonous function of the time t. 

If the RLC system is switched on network with 
practical infinite power and besides the input voltage 
u - the quality of the energetic flow – and the 
parameters R, L and C are constant trough all working 
period of the system, about definition D1.2 it is 
invariant. 

2. Transitive energetic mode in RLC system 

 

 
Fig.4. System RLC in transitive mode. 

Definition D1.6. The invariant system is in state 
of transitive working mode when its action (in this 
case – the current) passes from one stable value to 
other also stable. 

In the case on Fig.4 the transition of the system is 
reduced from switched off state to switched on of the 
switch S. The input voltageu begins to supply the 
system from zero to some stable value )(tu . After 
some delay trough the circuit will pass the current 

)0(i , that will strive to provoke the voltage fall )0(u , 

balancing the input voltage u . 
According the equation of Parseval the energy 
)0(E consumed by the RLC system trough the time of 

transition will be: 

(1.3)  ΩΩΩ==  
∞

∞−

∞

∞−

diudtiuE )()()0()0()0( ,  

R∈Ω . 

Here the voltage fall )0(u presents the vector sum 
by active, inductive and capacitive falls in the RLC 
circuit about the equation: 

(1.4)    )0()0()0()0( CLR uuuu ++=  

And the symbols )(Ωi and )(Ωu  in the equation (1.3) 
presents: 

(1.5)    dteii tj
∞

∞−

Ω−=Ω )0(
2

1
)(

π
 and 

(1.6)   dteuu tj
∞

∞−

Ω−=Ω )0(
2

1
)(

π
,  

the Fourier pictures of the transitive current )0(i  and 

the transitive voltage fall )0(u  in the RLS  circuit. 
By the reverse Fourier transformation the 

functions )0(i  and )0(u  will have in the time t 
description: 

(1.7)   ΩΩ= 
∞

∞−

Ω deii tj)(
2

1
)0(

π
 and 

(1.8)   ΩΩ= 
∞

∞−

Ω deuu tj)(
2

1
)0(

π
.   

According equation (1.1) the voltage falls (the 
voltages) )0(Ru , )0(Lu и )0(Cu  will be 

(1.9)   )0()0( RiuR =  or 

     ΩΩ= 
∞

∞−

Ω deRiu tj
R )(

2

1
)0(

π
,  

(1.10)  
dt

di
LuL

)0(
)0( =  or 

      ΩΩΩ= 
∞

∞−

Ω deLiju tj
L )(

2

1
)0(

π
, 

(1.11)    tdi
C

uC = )0(
1

)0(  or. 

        ΩΩ
Ω

= 
∞

∞−

Ω dei
Cj

u tj
C )(

1

2

1
)0(

π
 

The Fourier pictures or frequency spectrums 
)(ΩRu , )(ΩLu  and )(ΩCu  of the transitive voltages 

)0(Ru , )0(Lu  and )0(Cu will be:  

(1.12)  )()( Ω=Ω RiuR , 

(1.13)  )()( ΩΩ=Ω LijuL  and 

(1.14)  )(
1

)( Ω
Ω

=Ω i
Cj

uC .     
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According the logics of the equations (1.12), 
(1.13) and (1.14) the argument of the current spectrum 
defines the dependencies:  

(1.14.1)   )](arg[)](arg[ Ω=Ω iuR , 

(1.14.2)   2/)](arg[)](arg[ π+Ω=Ω iuL , 

(1.14.3)   2/)](arg[)](arg[ π−Ω=Ω iuC . 

Follow the Parceval logics of equation (1.3) 
consumed active and transitive energy RE )0(  will be: 

(1.15)   ΩΩ= 
∞

∞−

dRiE R
2)()0(  

Respectively the inductive transitive energy 

LE )0( will be: 

(1.16)    ΩΩΩ= 
∞

∞−

dLijE L
2)()0(  and   

The capacitive transitive energy CE )0( : 

(1.17)     ΩΩ
Ω

= 
∞

∞−

di
Cj

E C
2)(

1
)0( . 

The three energies from the equations (1.15), 
(1.16) and (1.17) are in phase with the voltages from 
the equations (1.12), (1.13) and (1.14) and they are 
phased one toward other according the equations 
(1.14.1), (1.14.2) and (1.14.3) and because of this fact 
the full transitive energy is subordinate to the 
regularity: 

(1.18)   
22 )0()0()0( XRS EEE += , where 

(1.19)   CLX EEE )0()0()0( −=  

Dependency on the number and the correlation 
between the invariants in the system the consumed 
full energy SE )0(  will have description and algebraic 

structure according the Table 1.  

Theorem T1.2. For preserving of invariant state 
of every system in stable and transitive mode it is 
necessary the energetic space Gi)(ε  of its supplying 

source ES (see the figure 1.1) and the energetic space 
of its object O Cj)(ε  to be contra variant and with 

equal dimension or: 

(1.20)  0=+ SCSG EE  and         

           0)0()0( =+ SCSG EE , as and 

(1.21)  CG ji )(dim)(dim εε =   or i = j. 

Proof: According the equations (1.1) and (1.4) the 
supplying voltages u and )0(u of the system RLC 
must be in contra phase with the stable and transitive 
falls in the system. But it is possible when is available 
the condition (1.20). On the other hand, the condition 
(1.20) is possible then and then only when is available 
the condition (1.21). 

 

Table 1  
Description and algebraic structure of the full transitive energy SE )0(  

Invariants Full energy SE )0(  Algebraic structure 
(energetic space) 

R≠0, L≠0, C≠0 22 ])0()0([)0()0( CLRS EEEE −+=
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R≠0, L≠0, C≠0, in 
resonance RS EE )0()0( =
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3. Flowing transition of the output value 
between two stable states 

Definition D1.7. System (see Fig.5) without a 
reverse connection (loop) between its output value 
with its entry value is named open or open 
controlled. 

 

 
Fig.5. Open controlled system. 

Theorem T1.3. For preservation of the 
invariant state of every system it is sufficiently the 
energetic flow SE  to the object O (see Fig.1) to 

be controlled by a proportional integral and 
differential controller or PID controller. 

Proof: As shows its name the PID controller is 
tuned so that its proportional or P-part controls 
active transitive energy RE )0(  to the object, its 
integral or I-part – capacitive transitive energy 

CE )0(  and its differential part or D-part – 

inductive transitive energy LE )0( . The three parts 
of the controller are tuned according the 
magnitude of every mode of energy. Three parts 
of the controller are tuned according the 
momentary value of the respective mode of 
energy, that responds to relevant mode of nominal 
power. If the input current must be changed to the 
value: 

(1.22)   III Δ±= 0 , 

the controller will compose to its output the 
function: 

(1.23)   ++=
t

I
DP Idt

Tdt

dI
TIky

0

0 1 , 

where Pk  is a constant of proportionality 
corresponding of the resistance R in the RLC 
system, DT  - constant of differentiation 

corresponding of the inductivity L and IT  - 
constant of integration corresponding of the 

capacity C. The function 0y will increase or 

decrease the energetic flow (full energy) SE to the 

object O so that it will be changed in the function: 

(1.24)   )( 0yEE SS =  

So will be saved the conditions (1.20) and 
(1.21) of the theorem T1.2 and the beginning 
value of the current I0 will reach invariant in the 
time t to the value I. 

Theorem is proved. 
And with that was presented and proved the 

conditions by that are possible to mould an 
electric system in invariant mode.  

There was accepted that is not permissible the 
concept system to be examined from a material 
abstract viewpoint, because the engineering 
practice don’t permits that. By system in the 
future there will understand only energetic 
system, because the concept energy is an 
universal measure for existence of the matter and, 
consequently, for existence of any aspect of 
system. That will become visible in the second 
part of this article. 
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3. Vision and targets 
      Bulgaria ranks last in the EU in terms of GDP per capita. The main real opportunity for 
accelerated increase of GDP is by producing competitive high-tech products for export, 
based on the constant flow of innovation and innovative technology solutions. The latter are 
only possible if there is a normally functioning system of research and transfer of scientific 
knowledge. 

         In this regard the main objective of the strategy has been formulated: 

The main objective of this strategy is through a scale, rapid and long-term development of 
the system of research Bulgaria to become an attractive center for advanced research and 
development of new technologies, to recover and raise the international prestige of the 
country in science, to retain and attract talented scientists in Bulgaria. As a final result to 
achieve long-term economic growth and to significantly improve the quality of life in the 
country. 
 

       The development of the research set out in the strategy is not self-aimed. It will lead to a 
substantial positive effect on many areas of public life. First, scientific development will have 
a positive impact on education at all levels. The high level of research in the leading 
scientific institutions and universities in the country, combined with the positive results from 
the implementation of the Strategy for Higher Education, will attract more Bulgarian and 
foreign students to study and complete a doctorate in Bulgaria. This will help not only to 
development of new generations of scientists, educators and teachers, but will have a 
positive impact on the preparation of highly qualified specialists for the industry and retaining 
of qualified personnel in Bulgaria. The contribution of research to industry is associated with 
innovations and development of new or improved technologies. Whether relevant research 
were made in Bulgaria or abroad, the availability of highly qualified Bulgarian scientists 
competent in relevant scientific field, will allow rapid uptake of research results and their 
practical application in our country. As an additional result the increased state support for 
research will contribute directly and indirectly to increase the innovation index of the country 
and to the increase of foreign investments. 

     Undoubtedly, the development of science will be beneficial to industry, especially high-
tech industry, by getting acquainted with the latest scientific developments / achievements, 
technology transfer, opportunities for high-quality advisory services and access to modern 
research infrastructure served by competent professionals. 

               Another very important function of researchers is to increase the scientific culture 
of the society and the fight against false science. Modern society is facing a number of 
challenges related to environmental, technological, social, cultural, ethical and other 
problems that require specific solutions. Only competent scientists familiar with the world 
achievements in the respective scientific field with the possible solutions and potential 
problems, can help both the society and the state. It is therefore necessary to strenghten the 
integration of Bulgarian science in society. 
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             To have a successful strategy, it is necessary to restore the confidence in the 
system for research through openness and transparency in all actions and procedures in 
accordance with common European standards and best practices. 

               Another basic principle to implement the strategy is partnership. Of particular 
importance is it not to be only between institutions responsible for the implementation of this 
strategy, but also it should cover business, industry and social organizations, civil society 
structures and - most importantly - the scientific community. 

              It is envisaged  the main objective of the strategy to be achieved by applying a set 
of interrelated and complementary policies affecting one or several components of research. 

3.1. Human Resources 
        Human resources are a key factor for the development of science. To realize the vision 
of the strategy in terms of human resources it should be reached the following: 

• gradual increase in the number of researchers to levels close to the EU 
average; 

• maintaining highly qualified scientists by introducing uniform national criteria 
for academic positions and degrees tailored to the specific requirements of the 
respective professional field and a group of sciences; 

• balanced distribution of researchers by age, gender, scientific fields and 
regions. Retention of the existing non-discrimination policy; 

• good enough payment of the scientists` and scientific staff`s work, subject to 
achieving specific results; 

• developing a system for raising qualification through specializations in the 
country and abroad; 

• improve working conditions; 

• increase the mobility of researchers; 

• attracting the Bulgarian scientific diaspora to joint research; 

• provision of sufficient in quantity and qualified scientific support staff. 

         All this will lead to increasing the social status of scientists, to creating conditions for 
creative work and stimulating high quality research. In this respect, the following interrelated 
specific objectives of the strategy directly related to human resources, have been defined: 

 

Specific Objective 1. Providing high qualification and effective career development of 
researchers, based on high level research. 
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Specific Objective 2. Increase of the living standard and the social status of the researchers 
and specialists engaged in research activity through ensuring of adequate payment related 
to the accomplished results as well as of good working conditions.  

Specific objective 3. Increase in the number of researchers to typical EU levels and their 
balanced distribution by age, gender, scientific fields and regions 

3.2. Infrastructure 
    The vision of the strategy is that Bulgaria maintains a modern and sustainable research 
infrastructure for conducting high-quality research and training focusing on the priority areas 
of ISSS. In addition to that to be provided an access for researchers to key unique scientific 
infrastructure that is not possible or not appropriate to be established in the country. At the 
same time to emphasize on the following principles: 

• avoiding of unjustified duplication of unique and expensive scientific 
equipment; 

• providing of high workload of research infrastructure and access for interested 
users; 

• maintaining the existing infrastructure in good functional status; 

• balanced distribution of research infrastructure in institutions and regions in 
accordance with the priority directions of ISSS; 

• continuation of the existing access to global scientific databases and 
gradually expanding its scope. 

• integrating in the scientific infrastructures of the European Union. 

      The development of research infrastructure is subject to scrutiny by the National 
Roadmap for the development of scientific infrastructure. Improving the infrastructure will 
significantly expand the possibilities of Bulgarian scientists to conduct high-quality research 
and will directly support the high-tech industry. In this context is defined the following specific 
objective of the strategy directly related to the scientific infrastructure: 

Specific objective 4. Development, maintenance and effective use of modern scientific 
infrastructure, balanced on thematic areas and regions, and providing the necessary  access 
to European and international scientific infrastructure. 

3.3. Balance in scientific research 
   The vision of the strategy is to provide a balance between both: (1) directed fundamental 
clear fundamental and applied research, and in terms of (2) research in various areas of 
science and (3) in the regions. 

       Bulgaria is a relatively small country that can not afford a significant presence in all 
scientific fields. Through state policy will be supported areas where there are traditions and 
successes, areas related to smart specialization, cultural heritage, as well as areas of 
national and public interest (national security, etc.). The priority development of new, non-
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traditional national scientific fields will be linked to the current priorities of ISSS and the 
priorities in strategic documents for the next programming periods. 

       Ensuring balance in research is crucial to create a comprehensive and effective 
scientific system in the country. Many years of global experience show that applied research 
can not be developed without the existence of fundamental science. Increasing demands for 
interdisciplinary research are a prerequisite for the development of all major research areas 
in which Bulgaria can build the necessary scientific capacity. Last but not least, the regional 
balance of science will contribute to the balance in regional development in accordance with 
the national interests of the country and the EU's vision. 

      Within the frames of the Strategy a core support will receive the targeted fundamental 
research that can contribute to the development of both the application-oriented research 
and the pure fundamental research. Targeted fundamental  research are inspired by the 
clear expectation of benefit and possible long-term applications. They will be funded on 
programming or project basis, as the programs themselves contain requirements and ideas 
about what should be done with regard to the societal challenges and needs of the society. 

     For the purposes of this strategy scientific priorities for targeted fundamental studies are 
tied to the current societal challenges: 

• increasing competitiveness and productivity of the economy in line with the 
thematic areas of ISSS; 

• solving the demographic problem and poverty reduction; 

• improving the quality of life - food, health, biodiversity, environmental 
protection, urban environment and transport, etc .; 

• energy and energy efficiency; 

• social development, cultural heritage, national identity and cultural 
development of society; 

• national security and defense 

        Since the development of science is characterized by considerable dynamism and 
interdisciplinarity, fixing the priorities for this type of research can lead to serious delay in the 
country, especially in  advanced and emerging key research areas. Therefore, the priorities 
will be updated and can be supplemented by tactical priorities. 

    Pure fundamental studies will be of relatively lower value , but will receive regular 
support. For the success of this kind of research is necessary scientific freedom and they will 
be stimulated not by priority areas, but based on their high scientific quality. 

    Applied research is one of the main components of research performance. Their 
implementation in the priority areas is key factor in the innovation process for further 
technological development of the Bulgarian economy. The National Research Strategy 
2017-2030 defines six priority areas for applied research. Four of these areas are very 
similar to the priority areas of IS3. An additional priority area in the National Research 
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Strategy (environmental protection, ecological monitoring, utilization of sources and bio-
resources, waste management technologies) faces the ecological challenges of the country. 
The sixth priority area (materials science, nano- and quantum technologies) is horizontal, as 
it encompasses the scientific basis of the modern materials science which finds applications 
in most of the modern and emerging technologies (incl. medical, pharmaceutical, food, 
quantum computing, etc.). Bulgarian science has its strengths and traditions in all these 
research priority areas and they provide the scientific basis for further technological 
development of the Bulgarian economy.  

Priority areas for research development in Bulgaria are:    

1. New energy sources and energy efficient technologies. 

2. Mechatronics and clean technologies. 

3. Health and quality of life. Prevention, early diagnostics, therapy, green, blue and eco-
technologies, biotechnologies, eco-foods. 

4. Environmental protection. Ecological monitoring. Utilization of sources and bio-
resources. Waste management technologies. 

5. Materials science, nano- and quantum technologies. 

6. ICT. 

             In addition to balance between fundamental and applied research, the strategy 
envisages maintaining the existing balance in scientific fields. 

               An important challenge for the country is the balanced regional distribution of 
scientific capacity. At present, although there are individual successes in regional 
development research, they are highly concentrated in the capital. The vision of the strategy 
is the development of research also in the regions, as a first step in this regard will be 
supporting the applied scientific research in accordance with regional priorities of ISSS by 
setting up rRgional research centers. In perspective - in the third stage of implementation of 
the strategy it is providedfor planning and implementation of scientific innovation complexes 
in less developed regions  of the country. 

             One of the most anticipated by the public relations of science is this with industry. 
Regardless of the many existing fruitful cooperations in this area there are still major 
challenges. Since the process is two-sided, the state should establish effective regulatory 
mechanisms to stimulate private investments in science. Of particular importance is the 
development of both applied science and effective intermediate brokerage units such as 
centers for technology transfer (to scientific institutions) and research and development 
departments (to industry plants). 

               Based on the analysis are defined the following specific objectives: 

Specific objective 5. Sustainable recovery of the international positions of the country in 
quantity and quality of the internationally visible scientific production up to and beyond the 
level typical for the beginning of the century. 
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       Specific objective 6. Raising the quantity and quality of research related to issues of 
national importance. 

      Specific objective 7. Promoting the applied research and focusing them on the priority 
areas of ISSS. 

      Specific objective 8. Stimulating the private research investments. 

3.4. Integration into the European Research Area and the 
international scientific community 

     The main factor for the development of science is the constant exchange of ideas and 
knowledge, which is performed by the mobility of scientists, participation in scientific 
conferences and scientific cooperation. The vision of the strategy in this aspect comprises: 

• providing opportunities of Bulgarian scientists for distribution of research 
results through participation in national and international scientific forums; 

• supporting the organization of national and international scientific forums in 
the country; 

• participation of Bulgarian scientists in national, European and international 
research networks; 

• raising the qualification and exchange of ideas through regular scientific 
specializations; 

• development of attractive international postdoctoral programs, including 
through legislative amendments; 

• providing information to assist the mobility of researchers; 

• maintaining  bilateral and multilateral scientific cooperations; 

• maintaining an  operational information portal assisting in the preparation of 
international projects and organizing international conferences; 

• participation in the EU initiative "European cloud for open science." 

             The implementation of the above elements of the vision will strenghten the existing 
major international contacts of Bulgarian scientists and will expand their scope and 
effectiveness. In this connection  the following specific purpose has been defined: 

Specific objective 9. Deepening the integration of the Bulgarian scientific community in the 
ERA and expansion of the international scientific cooperation 

3.5. Relations between science and other social spheres 
      Yet, for science in the country is characteristic a certain isolation and underdeveloped 
relationships with other social spheres. The relationship between science and business is 
fundamental and is viewed in details in the preceding text. The relationship science - higher 
education is organic in the research universities, but still in many universities  the science 
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element is insufficiently covered while in most of the research institutes the relationship with 
education refers mainly doctoral training. Despite some successful projects for the link 
science - secondary education in this area is also required considerable intensification of 
activities. 

          An important function of researchers is to provide science-based competent advice to 
the public administration and in particular to the so-called "decision makers". This process is 
bilateral and can hardly be controlled by separate specific mechanisms. However, it can be 
partially solved by legislative means. This can lead to an increase in the number of scientific 
projects of national importance funded by different state structures. 

Ultimately, the development of science is subject to the overall development of the society 
and it can not remain isolated from it. Measures are needed to promote science, anti-false 
science and education of the public on a range of pressing and current issues. 

            Last but not least, of particular importance is the intensification of relations with the 
Bulgarian scientific diaspora, which can have a major positive impact on various aspects of 
the development of science: the qualification of Bulgarian scientists, the success in 
European projects, the quality of scientific production and others. 

           The vision of the strategy envisages strenghtening the relations of science with: 

• higher education and education at all levels; 

• public administration and decision makers; 

•  society as a whole. 

Specific Objective 10. Significant intensification of links between science and education, 
businesses, governments and society as a whole 
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INTRODUCTION 

 

The research infrastructure (RI) is the key pillar of the national scientific and innovation 
ecosystem of the individual member state of the European Union (EU). The available RI 
with modern equipment and good organization for access is fundamental in building a 
critical mass of material, financial and human resources as well as technological 
knowledge. It also creates favourable environment for development of the knowledge 
triangle. Well-developed RI facilitates the process of commercialization of scientific 
results, which are transferred into innovative products and services, thus improving the 
economic competitiveness in the free market. The free access to modern RI does stimulate 
career development of scientists.  RI’s development and maintenance is a responsibility of 
each EU member state and it represents a common priority in the European Road Map for 
development of European Research Area (ERA), which is an objective of the Europe 2020 
Strategy.1 The Road Maps are updated on a regular basis to reflect the changes in the 
technological levels of research. 

                                                            
1 http://www.esfri.eu/sites/default/files/20160308_ROADMAP_single_page_LIGHT.pdf 
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RI and the large scientific complexes guarantee high level of research and create 
conditions for fast economic growth and employment.2 In the frame of Horizon 2020 
Program the RIs are key for achieving excellent scientific results. RI unite the existing 
scientific capacity on common scientific issues at European, national, and regional levels. 
The network integration of research institutes and higher education institutes is also 
considered, as it guarantees the scale-up of conducted scientific research and overcomes 
the fragmentation of the national and European scientific research system. Unification of 
financial and human resources is taking place at the European level, which ensures 
effectiveness and efficiency of the funds, used to develop RI at European and global levels, 
following the dynamics for development in key research areas.3  

Given the current challenges and new opportunities the main goals of the NRRI 
2017-2023 are: 

 Support the policies defined in the National Research Strategy “Better Science for 
Better Bulgaria 2017-2030”; address the priorities under the Innovation Strategy for 
Smart Specialization; and reflect upon the ESFRI agenda for creation of Pan-
European infrastructures; 

 Define priorities for sustainable development of RIs up to 2023, by building upon 
the Diagnostic Review of RI and Equipment outcomes, which identified the gaps 
but also the potentials for smart specialization of Bulgaria through research and 
innovation policies; 

 Identify the methodology and procedure for evaluation of all existing and future RIs 
which seek access to the National Roadmap; 

 Develop a Plan of tasks, procedures and deadlines for maintaining RIs in the 
National Roadmap up to year 2023. 
 

The present document is structured as follows: First, it introduces the key findings 
from the Diagnostic Review of RI and research equipment in Bulgaria. Next, it presents 
the strategic framework which provides the relationships between the policies and 
instruments that have impact on the NRRI. Then, it addresses the ESFRI priorities and the 
participation of Bulgarian projects in Pan-European RI, followed by overview of the 
specific grouping of RI in the National Roadmap, as per its current stage of development. 
Then, it discusses the implementation stages, the management of the individual RIs, the 
monitoring and evaluation, and the financing implementation of the National Road Map. 
It emphasizes on the long-term funding and sustainability of the National Roadmap, which 
includes: (i) RIs located in the country; (ii) RIs located abroad under the national 
jurisdiction; (iii) RIs accessed through inter-governmental agreements; (iv) Access to 
ESFRI RIs; and (v) Access of scientists and industry stakeholders to European and 
international large RIs under bilateral contracts. Finally, the main conclusions are 
summarized. 

 

 

 

 

 

  

                                                            
2 http://ec.europa.eu/research/infrastructures/pdf/council_regulation_eric.pdf 
3 http://ec.europa.eu/research/infrastructures/pdf/esfri/publications/esfri_regional_issues_wg_2008_en.pdf 
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 DIAGNOSTIC REVIEW OF RI AND EQUIPMENT: KEY FINDINGS  
Тhe Diagnostic Review of RIs and Equipment in Bulgaria was completed in April 

2017. Four broad research areas fell in the scope of the report, namely: (i) Physics, Material 
Sciences and Engineering; (ii) Medical and Agro-Bio Sciences; (iii) Social and 
Humanitarian Science; (iv) E-infrastructure for multidisciplinary research. These areas 
cover well the entire spectrum of research areas in which the Bulgarian science has 
traditional strengths and, at the same time, new R&D research could serve as a strong basis 
for the development of knowledge-based competitive economy.        

Тhe available research labs and equipment in these fields in the respective 
universities and research institutes were studied, as well as the human capacity and the 
financial resource. SWOT analysis was added to the full picture of the assessment, and in 
addition to that a regional analysis for specialization in the four mentioned research areas 
was presented.   

Among the main findings is that the e-infrastructures, mainly concentrated in the 
capital of Bulgaria, have the broadest potential for inclusion in pan-European projects, in 
comparison to the other research areas. These RIs are particularly well financed for the 
past five years.  

Another finding is that most of the RIs in the Physics, Material Science and 
Engineering have national significance. This is the research area with the highest 
percentage of outdated infrastructure, but at the same time they  also have the highest 
percentage of modernized infrastructure in the past three years. 

Medical and Agro-Bio Sciences do have the largest number of infrastructures with 
regional significance. This is mainly due to the agro-bio sciences field. Yet, this is the 
research field with the least financing over the past five years, while at the same time the 
infrastructures in the medical sciences have the highest share of financing of new 
equipment and apparatuses, purchased in the past five years.  

RI in the sphere of Social and Humanitarian Science are most equally distributed 
throughout the country, while at the same time they have attracted the smallest share of 
competitive funding in the past five years. 

The Diagnostic Review summarizes that there are 12 existing infrastructures 
with European significance (7%), 84 with national (52%) and 65 with regional 
significance (40%). About 40% of the RI have attracted barely 100,000 EUR per year in 
the last five years. European financing became the key source of funding for purchasing 
of new research equipment and instruments. About 30% of the whole infrastructure in 
Bulgaria is in exploitation for the past 15 years or more and the attracted funding comes 
to 25,000 EUR per year for about 30% of the whole infrastructure.4  

Other findings of the review about the overall quality of the research infrastructure 
are: 

 Insufficient modern infrastructures, which must meet the current requirements for 
RI; 

 Inadequate management of existing research facilities, inefficient workload and 
maintenance; 

 Irregular territorial and thematic distribution of the RI; 
 Inadequately qualified staff to support research equipment; 
 Financial instability and inadequate engagement of the private sector. 

                                                            
4 For more information, see Diagnostic Review of RIs and Equipment in the Republic of Bulgaria (MES, 
April 2017).  
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 Some potential, but also regional gaps, to support Bulgaria's smart specialisation 
strategy.  
 

Given the specialization of Bulgaria’s IS 3, which prioritizes four sectors of the 
economy in the six economic regions of the country, we could summarize the following 
gaps at the regional level, which require specific policy action. 

 North-West has a huge gap compared to all other regions as research infrastructure is 
available only in the healthy life industries and biotechnologies.. It is crucial that this 
region is supported through European and national funding in the areas that have already 
demonstrated research and business potential. Yet, government policies need to 
incentivize businesses and researchers to cooperate in areas which are new to the region. 

 North-Central does have a potential to specialize more in ICT, but the potential of using 
and further strengthening the research infrastructure in healthy life industries and 
biotechnologies is there. Therefore, there is a need to channel funding for new equipment 
in all three priority areas. 

 North-Eastern does have a high specialization in the mechatronics and clean 
technologies field but it could strengthen its potential also in the healthy life industries 
and biotech, as well as in the creative and recreational industries, where there is a priority 
under Bulgaria’s IS 3. 

 South-Western stands far ahead of the other regions in terms of presence of research 
infrastructure in all four IS 3 priority areas. Moreover, Bulgarian research infrastructures 
which are integrated in Pan-European partnerships are exclusively coordinated by 
research institutes and universities, which are located in the capital of Bulgaria.  

 South-Central faces the highest gap in terms of available research infrastructure and 
priorities under Bulgaria’s IS 3. Moreover, there is no capacity in research e-
infrastructures, whereas the ICT industry will be supported through OP Innovation and 
Competitiveness. Finally, there is limited research infrastructure in mechatronics and 
clean technologies area.  

 South-Eastern does have available strong research infrastructure in the mechatronics and 
clean technologies, as well as in the health life industries and biotech areas, which are 
also priorities in the IS 3. Limited research infrastructure in the creative and recreational 
industries would need to be improved. 

 

The Diagnostic Review concluded that there is uneven regional distribution of 
research equipment and scientific potential. The strategy is aimed at supporting the most 
developed infrastructures with potential in the thematic areas of IS3 at national and 
regional levels. The cooperation between public research institutions and local industries 
will be encouraged at the regional level.  

The above mentioned regional analysis and the conclusions will be taken into 
consideration when preparing future calls for funding under ESIF. As far as the SWOT 
analysis puts an accent on the leading RIs as an engine to boost the economic development, 
the plan is to continue supporting them in the future. This is especially true for ESIF 
supported RIs in the 2014-2020 framework period, which are strategic and serve as key 
engines for improving the standing of the national science system with a Pan-European 
perspective. 

 

 

The Diagnostic Review supports the planning of the next stages of RI development 
in Bulgaria. Scientific research in the country requires building and effective use of 
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modern and sustainably maintained research infrastructure. In addition, researchers should 
be given access to key unique RIs abroad, which is not possible or is unsuitable to build in 
the country. The following principles are laid down: 

 Avoid duplication of unique and expensive research equipment; 
 Ensure high workload of the research infrastructure and access of interested 

users; 
 Maintain the available infrastructure in a good working condition; 
 Provide balanced allocation of RI by institutions and regions; 
 Ensure Pan-European RI integration. 

  
Improving the infrastructure would significantly increase the opportunities for 

Bulgarian scientists to conduct high quality research and would directly support the 
development of high-tech industry in the Republic of Bulgaria.  

 

STRATEGIC FRAMEWORK 

 

The National Roadmap is a policy instrument that describes the needs of the 
country for Research Infrastructures for the next years, on the basis of a methodology, 
recommended by ESFRI and recognized by all stakeholders (universities, research 
institutes, high-tech companies). The process of creating and implementing the National 
Roadmap for Research Infrastructures serves to prepare and prioritise – in terms of 
research and innovation policy – future and long-term national and EU investments. This 
process takes into account input from the relevant government institutions, research 
organisations and industry.  

The National Roadmap for Research Infrastructures (NRRI) presents the main 
research complexes in the country and their respective prioritization at European and 
national level.  

 
Fig. 1: Policies and instruments of influence on NRRI of the Republic of Bulgaria 

 

 
The main strategic documents and the main instruments for their implementation 

are schematically presented in Figure 1. Their relations could be explained as follows.  

The National Strategy for Research Development in the Republic of Bulgaria 
2017-2030 is a fundamental document, which outlines the framework for the development 
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of the research system in the country. This document defines the strategic vision, main 
goals, policies, and instruments for development of the research ecosystem in Bulgaria for 
the next years. The analysis of the state of the national research and innovation systems 
and the dynamics in the positions of Bulgaria revealed a need for catching up of Bulgaria 
compared to other EU member states.5 This trend is one of the reasons for the downgrading 
trend of Bulgaria, compared to other EU member states in the field of innovations and 
development of high-tech industry. This Strategy emphasizes the crucial role of the 
research infrastructure, the human capital, and the complete integration of the Bulgarian 
scientists in the European Research Area for the development of scientific studies of high 
quality which will be useful for both the country and the EU as a whole. 

The National Research Strategy 2017-2030 defines six priority areas for 
fundamental research (see Table 2 below). Four of these areas are very similar to the 
priority areas of IS3. An additional priority area in the National Research Strategy 
(environmental protection, ecological monitoring, utilization of sources and bio-resources, 
waste management technologies) faces the ecological challenges of the country. The sixth 
priority area (materials science, nano- and quantum technologies) is horizontal, as it 
encompasses the scientific basis of the modern materials science which finds applications 
in most of the modern and emerging technologies (incl. medical, pharmaceutical, food, 
quantum computing, etc.). Bulgarian science has its strengths and traditions in all these 
research priority areas and they provide the scientific basis for further technological 
development of the Bulgarian economy.     

 

The long-term sustainable development of the research infrastructure will be 
supported in accordance with the priorities defined in the National Research Strategy 
2017-2030 and Innovation Strategy for Smart Specialisation. This strategic frame is 
composed of three complementary strands. First, applied research will be stimulated 
through investments in research infrastructure, focusing their research activities in the four 
thematic areas that have emerged from IS3. This will be the main focus of EU funding 
distributed through competitive calls under OP SESG. Second, areas of fundamental 
research where there are traditions and successes (e.g., natural sciences and mathematics, 
medical sciences, materials science, etc.), national and public interests (e.g. national 
security and defense, demographic challenges, etc.), will also be targeted so as to ensure 
the necessary scientific balance and to increase the demand for inter-disciplinary research. 
The RIs and equipment for fundamental research that are not included in IS3, will be 
financed by other funding instruments outside ESIF (for instance, under the National 
Science Fund or the future Executive Agency to the Ministry of Education and Science). 
A third, horizontal priority, will be to further improve Bulgaria's participation to Pan 
European Research Infrastructures and the overall contribution to international scientific 
community.         

 

The Innovation Strategy for Smart Specialization (IS3) of the Republic of 
Bulgaria is another key strategic document, which outlines the potential of the research 
areas and the innovation potential of the economy. This strategy outlines four key priority 
sectors for the economy, which concentrate financial resources by EU and national 
programs: 

 Information and Communication Technologies and Informatics 
 Healthy lifestyle and Biotechnology Industries 

                                                            
5 National Strategy for Research Development in the Republic of Bulgaria 2017-2030, published at 
www.mon.bg  
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 Mechatronics and Clean Technologies 
 New Technologies in the Creative and Recreational Industries. 

 

The main instruments for achieving the objectives regarding the scientific research 
areas in these two lead strategies for Bulgaria are the funds from the state budget, OP 
Science and Education for Smart Growth (SESG) and Operational Program Innovation 
and Competitiveness (OP IC). Several key principles will be applied in the interventions 
under these OPs:  

 Develop a critical mass of research infrastructure investment 
 Provide a ground for competitive calls 
 Introduce international peer evaluation 
 Long-term sustainability including through the capacity to cooperate with 

businesses and to attract private investments  

 It is planned that OP SESG will finance on a competitive basis the creation and 
development of four Centres of Excellence (CoE),  eight Centres of Competence (CoC) 
and several Regional Research Centres in each of the six main economic planning regions 
in Bulgaria, within the priority areas of IS3. The OP IC will contribute for development of 
research and innovation capacity through joint initiatives between business and academy.  
Sofia Tech Park is also a strategic investment focus of OP IC. European Structural and 
Investment Funds (ESIF) are strategic and the RIs which receive funding on a competitive 
basis will have a substantial impact on the National Roadmap. It is planned that the CoE 
and CoC which are selected on a competitive basis under the OPSESG (projects were 
submitted in end February 2017) will automatically enter the list of RI in the National 
Roadmap by the end of 2017. Тhe Regional Research Centers to be funded under OP SESG 
will not necessarily enter the National Road Map as they will rather have a regional impact 
for the domestic economy. Yet, their sustainability will be ensured with additional 
financing from national sources (e.g. National Innovation Fund and the National Science 
Fund). 

The RIs and equipment for applied and fundamental research from the National 
Roadmap that are not linked to IS3, will be financed by other funding instruments outside 
ESIF (for instance, under the National Science Fund or the future Executive Agency to the 
Ministry of Education and Science).The non-economic research activity (scientific studies, 
dissemination of results, IP protection, etc.) of the RIs, included in NRRI, will be supported 
by public funding ensured via targeted calls of National Science Fund and/or through 
targeted lines in the budgets of the higher education schools and research institutes which 
participate in the RI consortia.  

The Bulgarian National Roadmap of RIs does respond to the priorities of the 
National Strategy for Development of Research 2030 and the Innovation Strategy for 
Smart Specialization, as well as it takes account of the ESFRI agenda. 

Table 2: Priorities and thematic areas of key strategic documents  

National Research 
Strategy 

Thematic priority areas 
for research 

IS3 
Thematic priority areas for 
innovations’ and export-

oriented economy 

ESFRI 
Thematic areas 

National Roadmap 
Thematic areas 

1. New energy sources 
and energy efficient 
technologies. 

2. Mechatronics and 
clean technologies. 

3. Health and quality of 
life. Prevention, early 

 
1. ICT. 
2. Mechatronics and clean 

technologies. 
3. Healthy way of life and 

biotechnologies. 

1. Physical sciences 
and engineering. 

2. Health and Food. 
3. Environment. 
4. Energy. 
5. Social and cultural 

innovation. 

1. Physics, Material 
Sciences and 
Engineering. 
2. Medical and 
Agro-Bio Sciences. 
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diagnostics, therapy, 
green, blue and eco-
technologies, 
biotechnologies, eco-
foods. 

4. Environmental 
protection. 
Ecological 
monitoring. 
Utilization of sources 
and bio-resources. 
Waste management 
technologies. 

5. Materials science, 
nano- and quantum 
technologies. 

6. ICT. 

4. New technologies in 
the creative and 
recreational industries. 

 

6. E-Infrastructures 3. Social and 
Humanitarian 
Science. 
4. E-infrastructure 
for multi-
disciplinary 
research. 

In NRRI, the ESFRI principles and methodology is combined with the national 
thematic priority areas to ensure full integration of the Bulgarian RI into the ERA.  The 
National Roadmap will support the following priorities of the National Research Strategy, 
namely: 

 Balance in the RIs distribution by institutions and regions, as per IS3 
thematic priorities; 

 Integration of the Bulgarian RI in the Pan-European RI 
 Avoidance of duplication of very expensive and unique RI. 

 

ESFRI AND THE BULGARIAN PARTICIPATION IN PAN-EUROPEAN RI 

 

ESFRI supports a coherent and strategy-led approach to policy making on research 
infrastructures in Europe, among others through the ESFRI Roadmaps.6 These Roadmaps 
include RIs, which correspond to scientific demands in the next 10-20 years (in respect to 
the year when the relevant roadmap is published).7 The RI methodology for analysis in the 
respective scientific area, as well as the level of their development, is recognized by all 
stakeholders – EU member states and the associated countries. National Roadmaps for RI 
are a tool for implementing the relevant national strategy for research development, which 
for th e EU member states reflects also the EU interests. The construction itself of the 
research infrastructures takes several years and often it takes several additional years 
before the infrastructure starts to benefit the customers and the country. 

ESFRI was established in 2002 with the goal to unite the management in 
developing RI in the frame of the EU, by defining priorities for achieving research 
excellence with European and international impact. ESFRI published its first Roadmap in 
2006 for the construction and development of 34 Pan-European RIs. The Roadmap was 
further updated in 2008 and it included 44 projects, while in 2010 it included 48 projects, 
designed to foster European leadership ın broader spectrum of scientific areas.  

The roadmapping methodology developed by ESFRI also facilitates the 
establishment and evaluation of national roadmaps for RI. These national roadmaps are 
vital plans which enable the member and associated states to identify national priorities 
and allocate resources for national and Pan-European RI including the ESFRI ones. The 
country participation in Pan-European research infrastructures is determined by the 

                                                            
6 http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri-other-roadmaps 
7 http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri  
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scientific and economic priorities. The definition for RI was confirmed in 2014 in respect 
to the EU’s state aid regulations. The RI could be concentrated at one location or 
distributed (organized network of resources) as per art.2 (a) of EU regulation No 723/2009 
from June 25, 2009 of the legal framework of the EU for Consortiums of European RI. 

 

 

 

 

 

 

 

Table 3: Coordination between national and European policy for RI 

National European 

Strategy for development of research by 2030 
(approved by the National parliament on 
07.06.2017)  

EU Cohesion Policy – Europe 2020. EU Strategy 
for Growth  

Innovation Strategy for Smart Specialization (CoM 
Decision) 

Strategies for Smart Specialization 

National Road Map for RIs (updated in response to 
new trends in both documents)  

ESFRI Roadmap 2016  
ESFRI Roadmap 2018 (in process of 
preparation)  

The ESFRI Roadmap has been updated in 2016 and it included 50 RIs, divided in 
two groups: (1) in the stage of development (projects) – 21; (2) in the stage of use 
(Landmarks) – 29.8 

These 29 pan-European hubs of scientific excellence (The Landmarks)) are 
important pillars of European research and innovation for the next decades and will require 
continuous support to fulfil their mission and to ensure their long-term sustainability. 

A new rule was adopted by ESFRI in 2016 – if a project (infrastructure) does not 
reach the implementation stage in the course of one decade after its inclusion in the 
Roadmap, the project is dismissed.  

Bulgaria has ensured the access of national research teams in several international 
and European RIs. Bulgaria has been a full member of the JINR-Dubna since 1956, an 
associated member of the ICTP-Italy in the period 1985-2015, and a member of CERN 
since 1999. The payment has been ensured via National Parliament decisions.  

Bulgaria was mentioned for the first time in ESFRI 2008 Roadmap. Bulgarian 
teams participated in the preparatory phases of the Pan-European RIs EURO ARGO, ELI, 
SPIRAL, ESS, CLARIN, DARIAH, e-GI (GRID), and CERN. The projects with 
Bulgarian participation are presented in Table 4. 

 

 Table 4: Projects with Bulgarian participation in pan-European RI 

2008 2010 2016 (Landmarks) 2016 (Projects) 

CLARIN CLARIN CLARIN (ERIC) ACTRIS 

                                                            
8 http://ec.europa.eu/research/infrastructures/pdf/era_100216.pdf; 
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/intm/142794.pdf. 
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EURO ARGO 
 

EURO ARGO  EURO ARGO (ERIC) DANUBIUS 

ESS ESS  CTA 

PRACE PRACE  PRACE  E-RIHS 

  HL-LHC EuroBioImaging 

EPOS EPOS  EPOS 

DARIAH    

 

Bulgarian research organizations participate in or are associated with the respective 
European RIs in the 2016 ESFRI Roadmap, as shown in Table 4. Administrative and 
financial support from Bulgaria, regarding the membership fee, is provided for only four 
infrastructures (PRACE, CLARIN and BioImaging), and for two of them funds for 
construction have been ensured (PRACE). 

The analysis of the projects in Table 4 reveals that Bulgarian research teams 
participate in the preparatory phases of the projects (the creation of the infrastructures at 
conceptual stage and the research institutions in the consortia are nominated). Yet, these 
teams fall behind because they cannot secure financial support for the operational phase, 
when the legal document is signed for the use of the respective infrastructure under the 
European Research Infrastructure Consortium (ERIC). CLARIN and PRACE are 
exceptions from this rule, because Bulgarian teams’ participation has been financially 
ensured and their teams worked in a sustainable manner between 2008 and 2017. 

  
  

INCLUSION OF RIs IN THE NATIONAL ROADMAP 

 
The inclusion of RIs in the National Roadmap is a result of the diagnostic review, 

the development of research priorities under the National Research Strategy and the 
participation of Bulgarian research projects in the ESFRI Roadmap. 

 
In accordance with the ESFRI methodology, the performed Diagnostic analysis 

(overview) of the available RIs, the national priorities defined in the National Research 
Strategy and in the Innovation Strategy IS3, and the confirmed membership of Bulgarian 
infrastructures in joint international projects, the projects with European dimension fall 
into one of the following three categories: realized projects (landmarks), priority 
international projects (projects) and newly emerging projects (emerging projects).  

Based on the business evaluations and the participation of the sites in ESFRI, three 
groups of available research infrastructures were formed. These groups consider: (1) the 
evaluation of existing membership and status of European sites in ESFRI, confirmed by 
the national delegate at the ESFRI Board, (2) traced and measured (quoted) opportunities 
for economic activities (3) implemented financial commitments of the country to certain 
sites of the NRRI. 

 
The above analysis outlined a set of 23 research infrastructure complexes (14 

after the last update in 2014 and 9 new projects) that fall into one or more groups described, 
as explained below. Based on the membership assessment and the status of the European 
sites in ESFRI, the national commitment to 7 national infrastructures is reaffirmed (see, 
Appendix 5 for details about the membership status). 
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These 23 research infrastructure complexes will be funded by the State Budget (for 
instance, under the National Science Fund or under the future Executive Agency to the 
Ministry of Education and Science) or by other financial sources they could attract. Their 
selection as part of the present National Roadmap does not guarantee them any privileged 
access to ESIF that will be distributed through competitive calls. 

 
The centres of excellence and of competence that will be selected for funding under 

OP SESG as the result of ongoing competitive calls will be automatically integrated into 
the National Roadmap by the end of 2017. Future call under the OP SESG will identify 
Regional Research Centres in Bulgaria, which may also have access to the National 
Roadmap but not necessarily, as they have predominantly a regional impact.  

 

In 2014-2017 Bulgaria has fulfilled its financial commitment to certain RI from 
NRRI as follows: 

 4 million BGN for the construction and renovation of the National Centre for 
High Performance and Distributed Computations 

 4 million BGN for the construction of the National Cyclotron Centre 
 1.1 million BGN for repairing the “Academic” research ship, which is part of the 

Infrastructure for Sustainable Development in the Field of Maritime Research, 
which is also linked to the participation of Bulgaria in the European infrastructure 
(Euro-Argo). 

 740,000 BGN for partial equipment for the Regional Astronomical Center for 
Research and Education – Rozhen  

 174,000 BGN (for 2014-2016) membership fee for participation in European 
consortia from the ESFRI Roadmap of the associated national sites: National 
centre for high performance and distributed calculations for participation in 
CLARIN and EGI; Centre for Contemporary Microscopy for Fundamental and 
Applied Biology, Medicine and Biotechnology Research - to participate in 
EuroBioImaging. 

 7,350,000 BGN per year for CERN 
 40,000 BGN annual membership for ITER 
 500,000 BGN annually for the Bulgarian Antarctic base under the National 

program for Polar research 
 

The nine new projects, which are already participating in international contracts 
and/or national and European programs for construction or shared use of unique 
infrastructures are as follows: 

1. The European Centre for Nuclear Research (CERN)  
2. Centre for Plant Systems Biology and Biotechnology 
3. Science and technology park “Sofia Tech Park” 
4. Bulgarian Antarctic Base - National Program for Polar Studies 
5. Research in the field of controlled thermonuclear fusion (ITER) 
6. Joint Institute of Nuclear Research (JINR, Dubna) 
7. International Cooperation in the Field of Particle Astrophysics 
8. National Research Infrastructure for Observing Atmospheric Aerosols, Clouds 

and Gas Pollutants Integrated within the Pan-European Infrastructure ACTRIS 
9. The Survey of Health, Ageing and Retirement in Europe (SHARE* 

*) ISSK-BAS collaborates with SHARE-ERIC since 30.11.2016. The country membership procedure for 

Bulgaria will be initiated in 2017. 
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GROUP I – Landmarks 
1. National Interdisciplinary Research E-Infrastructure for Resources and 

Technologies for the Bulgarian Language and Cultural Heritage, Integrated 
within the European Infrastructures CLARIN and DARIAH (CLADA-BG) 

2. European Social Survey for Bulgaria 
3. Distributed infrastructure from centers for the production and research of new 

materials and their applications, as well as for the preservation, access and e-
storage of artefacts (archaeological and folklore) – INFRAMAT 

4. Regional Astronomical Center for Research and Education  
5. National Center for High Performance and Distributed Computing  
6. National Programme to the European Center for Nuclear Research - CERN 
7. Laboratory complex to the Science and technology park „Sofia Tech Park“  
8. National Programme to the Joint Institute for Nuclear Research in Dubna 
9. Bulgarian Antarctic Base "St. Kliment Ohridski" 
10. National University Complex for Biomedical and Applied Research  

GROUP II – Projects  
11. National Cyclotron Center 
12. Infrastructure for Sustainable Development in the Field of Marine Research, 

also linked to the participation of Bulgaria in the European infrastructure 
Euro-Argo 

13. Scientific Cell Technology Infrastructure in Biomedicine  
14. Energy storage and hydrogen energy  
15. Center for Contemporary Microscopy for Fundamental and Applied Biology, 

Medicine and Biotechnology  
16. Research in the field of controlled thermonuclear fusion /ITER/ 
17. CTA-MAGIC 
18. National Research Infrastructure for Observing Atmospheric Aerosols, Clouds 

and Gas Pollutants Integrated within the Pan-European Infrastructure ACTRIS 
19. National Center for Survey of Health, Ageing and Retirement in Europe 

SHARE 

GROUP III – Emerging projects) 
20. National Geoinformation Center  
21. Eco and Energy Efficient Technologies 
22. National infrastructure for research and innovations in agriculture and foods 

(RINA) 
23. Center for Plant Systems Biology and Biotechnology (PlantaSyst) 

 

The RIs in the National Roadmap for RI have the highest potential to join the 
European RI consortia or have already entered pan-European research infrastructures. It 
should be noted though that the 23 RIs in the National Roadmap have different stages of 
development. Therefore, the costs for construction, maintenance, modernization, 
development, and membership fee in the relevant Pan-European infrastructure, as well as 
the operational activities should be envisioned, based on the specific stage of development 
of the respective RI.  

 
 

Table 5: Grouping of research i nfrastructures according  

to the ESFRI classification for 2016 

 
This information is available online: 
Ministry of Education and Science Republic of Bulgaria 
BULGARIA NATIONAL ROADMAP FOR RESEARCH INFRASTRUCTURE 2017-2023.  
Last access: 09 November 2017: 
https://ec.europa.eu/research/infrastructures/pdf/roadmaps/bulgaria_national_roadmap_2017_en.pdf 
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