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Abstract 

For the restoration of neuro-muscular functions in dis-
abled persons, multipolar electrodes have been used for 
many years. Multistrand cables are necessary to connect 
all the electrodes of a cuff. Thereby the flexibility of the 
cable decrease and the risk of cable disruption and 
traumatisation of the subject increase. We describe an 
implantable stimulator which is particularly designed for 
controlling smart electrodes, i.e. electrodes which in-
corporate a multiplexer, concepted for up to 128 differ-
ent electrode configurations. To connect the smart elec-
trodes with the stimulator only 4-strand cables are nec-
essary. These cables are used to transmit analog and 
digital signals: power supply, reset, programming infor-
mation and the stimulation current for the selected elec-
trode. The concept of the system is to control two smart 
high-polar electrodes with one stimulator connected to 
4-strand cables per electrode only. In addition the sys-
tem gives the option to use different kinds and configu-
rations of smart neural electrodes. 
 
Introduction/Background 

In many neural prostheses multi-polar cuff elec-
trodes are advantageous for electrical stimulation; e.g. 
stimulation of the optical nerve and functional electrical 
stimulation of upper limb nerves. The development of 
high polar cuff electrodes have been successfully made 
with different technologies e.g. silicone[1], polyimide 
[2] and combinations of both [3]. The consequential 
challenge is the connection between the electrodes and 
the stimulator. One solution is to use a high polar cable 
[3] where the problems regarding thickness and stiffness 
of the cables arise as well as the need of high polar con-
nectors. Another solution might be found by integrating 
a complete stimulator-system directly on the electrode, 
e.g. into a retina stimulator [4]. Inductively supplied 
stimulators need a minimum magnetic field to work re-
liably. To generate this field the external coil has to be 
near the implant or the current in the external coil has to 
be extremely high [5]. An ASIC is also needed to in-
clude all the functions of a small implantable stimulator 
near the nerve. 

Within this paper we present the idea and a first pro-
totype of a system with a stimulator which can control 
and stimulate two smart electrodes [6] at the same time. 

Benefits of the described system are the reduction of 
cables to control multipolar cuffs, the use of only com-
mercial “off-the-shelf” parts and to utilize only one ex-
ternal coil to stimulate with two distributed multipolar 
cuffs. The complete system for the stimulation of nerves 
includes an external control unit, an implantable 
stimulator and a smart high polar cuff electrode with an 
integrated multiplexer. The external unit provides the 
implanted stimulator with energy and control data via an 
inductive link. The implantable stimulator is responsible 
for the bi-directional communication to the external unit, 
the control of the smart electrodes and the generation of 
the stimulation current. This stimulator is an evolution-
ary development of an implantable multichannel neural 
stimulator [7]. The smart electrode itself distribute the 
stimulation current to respective electrode poles. This 
paper mainly presents the development of the implant-
able stimulator. 

 
Methods 
An implantable stimulator for the control of two inde-
pendent smart neural cuff electrodes was set up. The 
stimulator was controlled by an external telemetric unit. 
This external telemetric unit supports the implanted 
stimulator with energy via an inductive link. Data were 
transmitted to the implant via amplitude shift keying. A 
back-telemetry from the implant to the external unit was 
realized by load shift keying to transmit the status of the 
implant like supply voltage, implant-ID and stimulation 
status.  
 

Fig. 1: Stimulation system 
On the external unit a graphic user interface was real-
ized to allow an easy handling of the bi-directional 



communication to the implant (Fig. 1). The implant was 
an evolutionary development of an implantable mul-
tichannel neural Stimulator [7,8]. To allow a high flexi-
bility in the function of the implant, an Arizona Micro-
chip PIC 16C715 was implemented as the µ-controller 
of the implant. This controller was responsible for the 
communication to the external unit. After receiving a 
status inquiry command from the external unit the con-
troller answered with the implant ID, the status of the 
implant and the supply voltage. Before starting stimula-
tion, all parameters had to be transmitted to the control-
ler. This included: amplitudes of the channels, IDs of 
channels to be activated, the pulsewidth and general 
timing information like number of n-lets, pause between 
n-lets, time interval between bursts and stimulation fre-
quency. After setting the stimulation parameters there 
were two different ways to modulate the stimulator pa-
rameters. The first was a mode to guarantee an exact 
frequency of the stimulation current pulses by using an 
internal timer of the controller. The second one was a 
triggered mode where every pulse had to be triggered by 
a external trigger signal. In both cases at every period 
one stimulation parameter could change.  
Furthermore, the controller of the implant was responsi-
ble for programming the current source and the multi-
plexer on each smart electrode. A single transistor in an 
emitter follower configuration was used for each current 
source. The current amplitude was adjusted by using a 
digital programmable potentiometer as the emitter resis-
tor. This potentiometer had a total resistance RT of 
45 kOhm and a typical wiper resistance RW of 400 Ohm. 
The logarithmic behavior of the resistor nearly compen-
sated the reciprocal behavior of the emitter follower.  
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Charge compensation was realized by a capacitor of 
1 µF in series to the smart electrode. To allow the ca-
pacitor to discharge, a resistor was placed in parallel to 
the serial combination of the smart electrode and the 
capacitor. The time to discharge the capacitor depends 
on the electrode impedance, the resistor and the capaci-
tor. To minimize electrochemical corrosion, a minimum 
time period had to be waited for switching the muti-
plexer on the smart electrode. 
To program the potentiometer, 16 bits had to be shifted 
into its internal register via a 3-wire bus. The smart elec-
trode was programmed by modulating the supply volt-
age of the electrode provided by the stimulator. To reset 
the electrode the negative supply had to be disconnected 
for more then 100ns. After a minimum pause of 1µs, the 
counter on the smart electrode could be programmed by 
disconnecting the positive supply for longer than 100ns. 
With a maximum of 128 pulses all electrode configura-
tions could be programmed. For example, to program 

two independent 1 x 8 multipexer one for anodes and 
one for cathodes [6, 9] a time of 1.13 µs was necessary. 
The stimulator was constructed for interfacing with con-
necting to two smart electrodes with the possibility of 
simultaneously stimulating through both electrodes.  

 
Results 
A miniaturized implantable stimulator was built up to be 
used with smart electrodes. It was constructed of off-the-
shelf electronic components using surface mount tech-
nology and double sided standard FR4 printed board, 
which measures 24 x 26 x 6 mm³ (Fig. 2). In addition, a 
2 mm thick coil was assembled and the complete system 
was encapsulation in silicone. The final dimensions were 
33 x 34 x 6 mm³. 
 

 
Fig. 2: Top (left) and bottom (right) view of implant 

The smart electrode[6, 9] were also set up with off-the-
shelf electronic components using surface mount tech-
nology and silicon dies. 
The resolution of high currents was improved by using a 
logarithmic programmable potentiometer in the current 
source with 64 different current amplitudes ranging from 
60 µA up to 6.25 mA (Fig. 3). 

Fig. 3: Stimulation current 
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Depending on the high number of stimulation parame-
ters, different stimulation pattern were implemented: 
The n-let stimulation command initiated the stimulation 
of n-lets with specified parameters (current amplitudes, 
pulse width, the used channel, number of pulses in one 
burst, the distance between pulses, the number of bursts 
and the time between bursts). 
The round-about command started a stimulation pro-
gram stimulating a sequence of channels with specified 
parameters (see n-let stimulation).  
Both patterns could be triggered by the external control 
unit or the timer on the implanted stimulator. The stimu-
lator was designed for rectangular shaped current pulses 
with exponential charge compensation. The parameters 
of stimulation for both, n-let and round-about stimula-
tion were specified as follows. 
The pulse width W was quantized using 8 bit with a 
resolution of 1 µs. N-lets could be set in bursts of 1 up 
to 256 pulses with a time spacing P from 16 µs up to 
4.1 ms. The spacing between two bursts PBurst was con-
figurable from 292 µs up to 65.6 ms. The number of 
bursts which were generated was fixed to 3, so far. After 
all sequences were processed, the stimulation cycle will 
start at sequence S1 again or wait for a trigger. 

 
Discussion/Conclusions 
It have been shown that using smart electrodes in com-
bination with this special stimulator, the functionality 
improves for functional electrical stimulation. The num-
ber of separately connectable channels on each electrode 
increase although two electrodes are stimulated instead 
of one using the same stimulation hardware. The prob-
lem of shorted anodes using a common anodes stimula-
tor [7, 8] is solved by a multiplexer on the smart elec-
trode, so that the anodes can be chosen independently 
from the cathodes. The stimulation of two or more 
channels on one electrode is simultaneously not longer 
possible. But this function is normally not used very 
often. The further problem is that prior to switching be-
tween the channels the charge compensation has to be 
finished. 
We construct a implantable stimulator for smart elec-
trodes. The new concept allows the use of two smart 
electrodes with up to 128 electrode configurations. De-
spite the high number of electrode poles, a four strand 
cable is sufficient to connect the electrodes Different 
patterns can be used such as n-let and roundabout stimu-
lation. 
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