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Figure 3: Silicon neuron schematics. The NMDA block implements a voltage gating mechanism; the
LEAK block models the neuron’s leak conductance; the spike-frequency adaptation block AHP models
the after-hyper-polarizing current effect; the positive-feedback block N+ models the effect of the Sodium
activation and inactivation channels; reset block K+ models the Potassium conductance functionality.

2.2 THE NEUROMORPHIC PROCESSOR BUILDING BLOCKS

Here we present the main building blocks used in the ROLLS neuromorphic processor chip, describing
the circuit schematics and explaining their behavior.

2.2.1 The silicon neuron block The neuron circuit integrated in this chip is derived from the adaptive
exponential I&F circuit proposed in (Indiveri et al., 2011), which can exhibit a wide range of neural
behaviors, such as spike-frequency adaptation properties, refractory period mechanism and adjustable
spiking threshold mechanism. The circuit schematic is shown in Fig. 3. It comprises an NMDA block
(MN1,N2), which implements the NMDA voltage gating function, a LEAK DPI circuit (ML1−L7) which
models the neuron’s leak conductance, an AHP DPI circuit (MA1−A7) in negative feedback mode, which
implements a spike-frequency adaptation behavior, an Na+ positive feedback block (MNa1−Na5) which
models the effect of Sodium activation and inactivation channels for producing the spike, and a K+ block
(MK1−K7) which models the effect of the Potassium conductance, resetting the neuron and implementing
a refractory period mechanism. The negative feedback mechanism of the AHP block, and the tunable reset
potential of the K+ block introduce two extra variables in the dynamic equation of the neuron that can
endow it with a wide variety of dynamical behaviors (Izhikevich, 2003). As the neuron circuit equations
are essentially the same of the adaptive I&F neuron model, we refer to the work of Brette and Gerstner
(2005) for an extensive analysis of the repertoire of behaviors that this neuron model can reproduce, in
comparison to, e.g., the Izhikevich neuron model.

All voltage bias variables in Fig. 3 ending with an exclamation mark represent global tunable parameters
which can be precisely set by the on chip Bias Generator (BG). There are a total of 13 tunable parameters,
which provides the user with high flexibility for configuring all neurons to produce different sets of
behaviors. In addition, by setting the bits of the relative latches in each neuron, it is possible to configure
two different leak time constants ( if tau1! / if tau2!) and refractory period settings ( if rfr1! / if rfr2!) per
neuron. This gives the user the opportunity to model up to four different populations of neurons within
the same chip that have different leak conductances and/or refractory periods.
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Neuromorphe Computer:
Vom menschlichen Hirn zu kognitiven Robotern

Neuronale Netze finden immer mehr Anwendung in künstlich intelligenten Syste-
men, etwa in Bildverarbeitung, Spracherkennung oder Robotik. Die «neuromorphe» 
Hardware ist von biologischen Nervensystemen wie dem menschlichen Hirn inspi-
riert. Diese neuronalen Netze «in silico» ermöglichen intelligentere, effizientere und 
sichere Maschinen. Um derartige neuronalen Rechner zu programmieren, benötigen 
wir allerdings ein tieferes Verständnis von biologischen Vorgängen, welche das 
Verhalten und die Kognition steuern.

Das Institut für Neuroinformatik der Universität Zürich und der ETHZ forscht an 
solchen von der Natur inspirierten Ansätzen zur Verbesserung künstlicher intelligen-
ter Systeme.

Dieser Vortrag präsentiert die neuesten Forschungsergebnisse und Entwicklungen 
aus dem Bereich der neuromorphen Technologie. Anhand einiger Beispiele wird 
gezeigt, wie Erkenntnisse aus Neuro- und Kognitionswissenschaften in der moder-
nen Robotik eingesetzt werden.

Wir freuen uns, Ihnen beim microTalk einen Überblick über die aktuelle technische 
Entwicklung der neuromorphen Computer geben zu dürfen.
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