
Dual-channel transcranial electrical 
stimulation (tES) during functional MRI 

– Recommendations – 

DC-STIMULATOR MR  – Application Note
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Correct
Setup

Incorrect
Setup

● The cable outlet MUST be on placed correctly.
 Otherwise the safety circuit of the electrode cable can be 
 damaged.

● The DC-STIMULATOR MR was designed for fMRI 
  sequences (EPI). We recommend to remove the 
  ELECTRODE CABLE from the patient during anatomical 
  sequences. Rubber electrodes can be left on patient's 
  head.


x
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SETUP 1

external trigger signals
(BNC sockets)

REMOTE OFF
Signal Out OFF

REMOTE OFF

(1) (2)
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Setup 1

waveforms waveforms from DC-Stimulator (tDCS, sinus, sinus (hw), sinus (w), 
pulse, noise, noise LF, noise HF)

channel 
waveforms:

different or common waveforms for channel I and channel II

operating 
modes:

DC-Stimulator 1 (left):   REMOTE OFF, Signal Out: OFF
DC-Stimulator 2 (right): REMOTE OFF

start trigger: usable, common or different trigger events for DC-Stimulator 1 and 2
trigger modes: disabled, single or repetitive

impedance 
check:

Channel I:  double check (voltage and current), automatic stop if 
impedance exceeds limits, short acoustic warning, SAFE-STOP

Channel II: double check (voltage and current), automatic stop if 
impedance exceeds limits, short acoustic warning, SAFE-STOP

clock drift: existing

transfer gain: ---

phase delay: ---

stimulation 
time:

approximately 8 hours

SETUP 1
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external trigger signals (BNC sockets)

SETUP 2

REMOTE OFF
Signal Out ON

REMOTE ON

signal out cable

signal out adapter

BNC cable

uSO(t )=0,5⋅
V
mA

⋅iDCS1(t ) iDCS2(t)=2⋅
mA
V

⋅uSO(t)

iDCS2(t)=iDCS1(t)

(1) (2)
A: Anode
C: Cathode
Ti: Trigger Input

To: Trigger Output
Ri: Remote Input
So: Signal Out
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Setup 2
waveforms waveforms from DC-Stimulator (tDCS, sinus, sinus (hw), sinus (w), 

pulse, noise, noise LF, noise HF)
channel 
waveforms:

common waveform for channel I and II

operating 
modes:

DC-Stimulator 1 (left):   REMOTE OFF, Signal Out: ON
DC-Stimulator 2 (right): REMOTE ON

start trigger: usable, trigger events only for DC-Stimulator 1
trigger modes: disabled, single or repetitive

impedance 
check:

Channel I:  double check (voltage and current), automatic stop if 
impedance exceeds limits, short acoustic warning, SAFE-STOP

Channel II: simple overload check (voltage), permanent acoustic 
warning, no automatic stop if impedance exceeds limits, no SAFE-
STOP

                        The user is responsible for stimulation stop.

clock drift: NO
transfer gain: i

DCS1
(t) = i

DCS2
(t)

phase delay: small between channel I and channel II
stimulation 
time:

approximately 6 – 8 hours

SETUP 2

!
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BNC cable

external, low-noise
voltage function generator

transfer gain: 2mA / V

SETUP 3

REMOTE ON
Signal Out OFF

REMOTE ON

* If necessary, use the neuroConn's DC-STIMULATOR filter cable (BNC) to increase signal-to-noise-ratio.

*

(1) (2)
A: Anode
C: Cathode
Ti: Trigger Input

To: Trigger Output
Ri: Remote Input
So: Signal Out
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Setup 3
waveforms external waveform from low-noise voltage generator
channel 
waveforms:

common waveform for channel I and II

operating 
modes:

DC-Stimulator 1 (left):   REMOTE ON, Signal Out: OFF
DC-Stimulator 2 (right): REMOTE ON

start trigger: not usable
start trigger should be connected to external voltage generator

impedance 
check:

Channel I: simple overload check (voltage), permanent acoustic 
warning, no automatic stop if impedance exceeds limits, no SAFE-
STOP

                        The user is responsible for stimulation stop.

Channel II: simple overload check (voltage), permanent acoustic 
warning, no automatic stop if impedance exceeds limits, no SAFE-
STOP

                        The user is responsible for stimulation stop.

clock drift: NO
transfer gain: 2 mA / V
phase delay: NO
stimulation 
time:

approximately 6 – 8 hours

SETUP 3

!

!
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external, low-noise
voltage function generator

(1st device)
transfer gain: 2mA / V

external, low-noise
voltage function generator

(2nd device)
transfer gain: 2mA / V

BN
C

 c
ab

le

SETUP 4

REMOTE ON
Signal Out OFF

REMOTE ON

* If necessary, use the neuroConn's DC-STIMULATOR filter cable (BNC) to increase signal-to-noise-ratio.

* *

(1) (2)
A: Anode
C: Cathode
Ti: Trigger Input

To: Trigger Output
Ri: Remote Input
So: Signal Out
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Setup 4
waveforms external waveform from low-noise voltage generator
channel 
waveforms:

common or different waveforms for channel I and II

operating 
modes:

DC-Stimulator 1 (left):   REMOTE ON, Signal Out: OFF
DC-Stimulator 2 (right): REMOTE ON

start trigger: not usable
start trigger should be connected to external voltage generator

impedance 
check:

Channel I: simple overload check (voltage), acoustic warning, no 
automatic stop if impedance exceeds limits, no SAFE-STOP

                        The user is responsible for stimulation stop.

Channel II: simple overload check (voltage), acoustic warning, no 
automatic stop if impedance exceeds limits, no SAFE-STOP

                        The user is responsible for stimulation stop.

clock drift: existing with two waveform generators, not-existing with dual-
channel waveform generators

transfer gain: 2 mA / V
phase delay: depending on waveform generators
stimulation 
time:

approximately 6 – 8 hours

SETUP 4

!

!
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Dual-Channel
external, low-noise

voltage function generator

with one clock

transfer gain: 2mA / V

BNC cable

SETUP 5

REMOTE ON
Signal Out OFF

REMOTE ON

* If necessary, use the neuroConn's DC-STIMULATOR filter cable (BNC) to increase signal-to-noise-ratio.

*

(1) (2)
A: Anode
C: Cathode
Ti: Trigger Input

To: Trigger Output
Ri: Remote Input
So: Signal Out

Channel 1 Channel 2

BNC cable

*
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Setup 5
waveforms external waveform from low-noise voltage generator
channel 
waveforms:

common or different waveforms for channel I and II

operating 
modes:

DC-Stimulator 1 (left):   REMOTE ON, Signal Out: OFF
DC-Stimulator 2 (right): REMOTE ON

start trigger: not usable
start trigger should be connected to external voltage generator

impedance 
check:

Channel I: simple overload check (voltage), acoustic warning, no 
automatic stop if impedance exceeds limits, no SAFE-STOP

                        The user is responsible for stimulation stop.

Channel II: simple overload check (voltage), acoustic warning, no 
automatic stop if impedance exceeds limits, no SAFE-STOP

                        The user is responsible for stimulation stop.

clock drift: not-existing with dual-channel waveform generators (derived from 
one clock)

transfer gain: 2 mA / V
phase delay: depending on waveform generators
stimulation 
time:

approximately 6 – 8 hours

SETUP 5

!

!
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REMOTE ON
Signal Out OFF
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Unfavourable location for 
OUTER box. 

The longer the green box 
cable is outside of the MR 
scanner room, the more the 
fMRI picture becomes noisy.
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MR scanner room

MR control room
wave guide

box cable

REMOTE ON
Signal Out OFF

REMOTE ON

Favourable location for 
OUTER BOX. 

Place the OUTER BOX as 
close as possible to the 
wave guide. Increase the 
distances between power 
supplied devices and OUTER 
BOX. This results in good 
Signal-to-Noise-Ratio of the 
fMRI picture during 
tDCS/tACS.
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