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Transcranial direct current stimulation (tDCS) is an emerging technique for non-

invasive brain stimulation, which induces plasticity in the brain via application of relatively 

weak currents through the scalp in humans. In the last years, the application of tDCS to treat 

neuropsychiatric diseases has been explored increasingly. Further, tDCS can enhance 

cognitive functioning. There is, however, a need to investigate tDCS parameters in large 

scales. Following these trends, in the present paper, a complex protocol for tDCS application 

is proposed. The protocol was implemented in a device allowing the generation of various 

waveforms with parameters adjustable in broad bands. 
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Transcranial direct current stimulation 

(tDCS) and neural plasticity 

Dynamic alterations of connections between 

neurons are an important feature of the central 

nervous system. These neuroplastic changes of brain 

connectivity are the foundation of various cognitive, 

motor, and behavioral processes. Moreover, 

pathological alterations of neuroplasticity are involved 

in various neuropsychiatric diseases. Therefore, 

enhancing beneficial plasticity or modification of 

pathological plasticity might be an interesting new 

intervention.  

Alterations of synaptic connections as a basis of 

cognitive functions were first proposed by Hebb 

(1949). In analogy to animal studies, plasticity can be 

induced in the human central nervous system by non-

invasive brain stimulation (NIBS) approaches via 

long-lasting changes in cortical excitability. 

Transcranial direct current stimulation (tDCS) is one 

of the stimulation protocols. It induces plasticity via 

generation of a sub-threshold, stimulation polarity-

dependent alteration of membrane potentials 

modifying spontaneous discharge rates. This results in 

enhanced/reduced cortical excitability during 

stimulation, which can outlast the stimulation for over 

1 h, if tDCS is performed in the range of minutes 

(Kuo et al., 2008; Nitsche and Paulus, 2000, 2001; 

Nitsche et al., 2003a). 

Plasticity induction with NIBS has been shown to 

have functional effects. Learning in different 

modalities (Flöel et al., 2008; Kincses et al., 2004; 

Nitsche et al., 2003b), working memory performance 

(Fregni et al., 2005), as well as other cognitive 

processes are modulated by NIBS (Guse et al., 2010; 

Kuo and Nitsche, 2012). At present tDCS is applied 

in the treatment of psychiatric diseases (depression, 

addiction, schizophrenia, anxiety disorders, 

dementia), neurologic disorders (pain, tinnitus, etc.), 

as well as for online or offline optimization of 

cognitive functions in humans (Marshal et al., 2006, 

2011; Kirov et al., 2009; Flöel, A., 2013; Woods et 

al., 2015). 

32 “Е+Е”, 11-12/2015



 

Optimizing stimulation protocols 

One critical aspect of the future impact of tDCS is 

the optimization of stimulation frequency, duration, 

and strength. It is not completely clear if the results of 

cortex stimulation of one area can be transferred 

completely to other cortical areas. Also, the effects of 

intensity and duration of stimulation are currently 

explored. For example, increase of stimulation 

duration and stimulation intensity has been extended 

in many clinical studies, as compared to the initial 

protocols (Kuo et al., 2012). The results reveal a non-

linear relationship between stimulation duration, 

intensity, and the direction of after-effects, which 

limits simple extension of stimulation duration to 

obtain stronger and longer-lasting after-effects. 

Repetitive stimulation with different frequencies 

(sub-delta, delta, theta, alpha, beta, and gamma) has 

been demonstrated to efficiently change cognitive 

abilities (Woods et al., 2015). However, optimal 

applications of specific frequencies, rhythmic regimes, 

foci of stimulation, correspondence of the frequency 

of stimulation to the internal brain rhythms during 

physiological states and conditions, remain to be 

specified. Also, it has been shown that repetition of 

stimulation can enhance the after-effects of tDCS. 

Repetition regimes are however under exploration. 

Increasing interest is focused to close-loop 

stimulations when tDCS is applied after extracting 

threshold values, i.e., in the real EEG signal. 

The need for protocol optimization requires 

stimulators, in which parameters of stimulation are 

flexible and adjustable, rhythmic regimes are possible, 

frequency, duration and modes of stimulation can be 

adjusted to each specific experimental or therapeutic 

goal and setup. For that aim, we developed, realized 

and applied a tDCS device with broad range of 

adjustable stimulation parameters. 

Device for transcranial direct current 

stimulation 

After detailed investigation of protocols for tDCS 

published during the last 5 years (for summary and 

application guide see Woods et al., 2015), we defined 

a set of stimulation waveforms with selectable 

parameters, which may be used in complex 

neurophysiological studies in a flexible and easy way. 

The device was designed and realized in the Institute 

of Biophysics and Biomedical Engineering, Bulgarian 

Academy of Sciences. 

Three basic sequences were implemented in the 

device for transcranial electric stimulation (Fig. 1). 

They are supplied by a precise current generator (with 

very high output impedance) supporting up to 5 mA 

over patient resistance from 0.1 through 2 kΩ. 

 

 
 

Fig. 1. Device for transcranial electric stimulation. 

 

The current amplitude I can be selected starting 

from 100 μA in steps of 20 μA. 

 

 

Fig. 2. Three basic sequences for transcranial stimulation. 

 

As shown in Fig. 2A, the first basic mode of the 

device is a constant current stimulation. The 

stimulation duration td is adjustable from 1 to 60 min 

in steps of 1 min. This is also applied to the other two 

modes. The edge durations te may be chosen with a 

step of 1 s between 1 and 60 s. 
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Figure 2B shows the second mode, which 

comprises rectangular monopolar pulse generation 

with 50% duty cycle in three frequency bands: from 2 

to 20 Hz, from 20 to 80 Hz and from 80 to 1000 Hz at 

intervals 0.1 Hz, 1 Hz and 10 Hz, respectively. In this 

mode, as well as in the third mode, it is possible to 

introduce pauses between bursts of stimuli, both of 

them independently selected from 0.5 s to 5 min in 

steps of 0.5 s. 

As presented in Fig. 2C, the third mode generates 

trapezoidal pulses with varying frequency F between 

0.05 and 2 Hz selectable in steps of 0.05 Hz. The edge 

durations te are equal to that of the plateau tp and 

2te+tp=1/2F, thus the sequence consists actually of 

asymmetrical (25% duty cycle) bipolar pulses shifted 

up by a half amplitude. 

Figure 3 shows the block diagram of the device. It 

consists of a module controlling digital-to-analog 

converter (DAC), electronic potentiometer for current 

amplitude selection, voltage-to-current converter 

(implementing the current generator) and electrode 

detector and with amplitude limiter to 5 mA. The 

latter provides for additional patient safety, although 

the basic electrical safety is achieved by the battery 

supply. The LSB of the DAC corresponds to 805 µV. 

The 8 bits electronic potentiometer allows for more 

flexibility in setting the patient current preserving in 

the same time the accuracy of the high DAC 

resolution. 

  
Fig. 3. Block diagram of the device. 

 

The stimulations are set and carried out by means 

of user-friendly program for mode and parameter 

selection using an alpha numerical display for 

interactive control by the operator (Fig. 1). For faster 

processing of the frequency selection, adjustable 

parameters are substituted by their time equivalents. 

As such, various values can be selected for all 

frequency bands by automatic switching of the 

corresponding steps. 

The above mentioned parameters of the current 

generator are the usually defined by the theory. In 

reality, the 2 kΩ border value of the subject resistance 

can be exceeded keeping the specified accuracy if the 

selected current is lower than 5 mA. That is why, the 

device checks in real time the stimulation by means of 

an electrode detector. Whenever the current through 

the subject deviates from pre-selected values due to 

higher resistance of the tissue below the electrodeS, 

the device generates a warning sound and an alerting 

message on the screen. 

The obtained frequency accuracy of the generated 

sequences is extremely high, exceeding 99.8%. The 

error of the amplitude is lower than 2% and below 10 

μA for currents lower than 400 μA. This is achieved 

by hardware tuning and additional software 

calibration and linearization of the current. The total 

digital code controlling the electronic potentiometer is 

corrected if necessary by ±1÷2 LSBs, thus providing 

for a higher accuracy of the generated output current. 

Conclusion  

The high performance parameters of the described 

tDCS device satisfy the contemporary requirements 

for NIBS investigations and the stimulator can be 

successfully used in various neurophysiological 

experiments. 
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