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Summary: 
Modern devices have become more vulnerable to noise as well as to failure with leading-edge tech-
nologies. Thus, a spike-processing based ADC design is pursued with promising features, e.g.,  low-
power, low-voltage operation, robust to noise and technology scaling issues. This supports both the 
self-x properties as well as machine learning in advanced sensor electronics system for practical use 
in industry 4.0 and IoT. In this work, an adaptive spike-to-rank coding has been designed based on an 
emulated memristor CMOS circuit, which is the main part of the novel ADC.  
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Background, Motivation and Objective 
The rapid advance and  down-scaling of inte-
gration technologies face many issues due to 
manufacturing deviations, noise, signal swings,  
etc. This advocates the transition from ampli-
tude coded signals to time-coded signals or 
spike domain information processing. The 
memristor spiking neural network (SNN) archi-
tecture offers learning, scalability, self-x, noise-
robustness, low power, small on-chip footprint, 
and robustness to technology scaling [1]. SNN 
has many advantages, however, the memristor 
is not expected to be feasible in the commercial 
chip soon, because a lot of open issues , such 
as compatibility with CMOS technology, unsta-
ble switching behavior, the fabrication complexi-
ty of memristor systems, and the finite number 
of resistance levels [1] have to be tackled. To  
implement  memristor  SNN  on  contemporary  
chips, many researchers have focused on 
memristor emulators [2]. Inspirations from bio-
logical sensory systems can be combined with 
this approach to advance sensor electronics.  
Jeffress in [3] had theorized sound localization 
in human ears. Acoustic localization uses spa-
tially separate sensor pairs to determine the 
location of the objects. The design of an ADC 
inspired by such biological sensory systems 
based on acoustic localization requires two 
parts. The first one is to generate spikes with 
the time difference from the sensor is called a 
sensor-to-spike converter (SSC). The second 
one will convert this spike to digital and called a 
spike-to-digital converter (SDC) [4]. Prior work 
[4] did not make use of adaptivity in the ADC for 

self-x properties as required, e.g., for Industry 
4.0. The primary goal of this research is to de-
sign an adaptive spike to rank coding (SRC), 
which is the main part of the aspired SDC and 
an adaptive spiking neural ADC. 

Proposed Methodology  
In this research, the Adaptive Coincidence De-
tection (ACD) has been designed, which is the 
main part of the SRC. The proposed ACD de-
sign uses two synapses and one neuron, as 
shown in Fig. 1 A. The synapses have been 
designed using the memristor from [2], which 
has been modified to be adaptive, as shown in 
Fig. 1 B.  

 
Fig. 1. (A) Adaptive Coincidence Detection. (B) adap-
tive synapse. 

In [5], authors have designed leaky-integrate 
and-fire (LIF) neuron using memristors. We 
have designed a neuron using emulated 
memristor based on a CMOS circuit, as shown 
in Fig. 2. The memristor circuit in [6] has been 
modified to serve for the design of a spiking 
neuron. M1 has been added as a current limiter 
transistor. C is the membrane capacitor. The 
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neuron will fire, when the membrane capacitor 
voltage rises above the crossing point of the 
inverter. The output is sent back through the 
delay line (inverter chain) to M6, which dis-
charges the membrane capacitor and limits the 
width of the spike. 

 
Fig. 2. Implemented memristor-based neuron. 

Fig. 3 shows the ACD as the main part of the 
SRC. SRC shown in Fig. 3 consists of nine 
ACD. The proposed SDC is designed using 
Cadence tools and AMS 0.35 𝜇𝜇m CMOS tech-
nology. 

 
Fig. 3. Adaptive spike-to-rank coding circuit. 

Results 
Fig. 4  shows for the proposed ACD  the three 
states that usually occur in biological neural 
networks. The first state generates an output 
spike if the input spikes arrive at the same time. 
The second state generates an output spike if 
the input spikes arrive slightly delayed to each , 
but the output spike still is generated with delay. 
In the third state, an output spike will not be 
generated if two input spikes arrive with signifi-
cant delay to each other. The currently imple-
mented SRC can achieve up to 5 steps, and 
each step, the outputs have different order as 
shown in Fig. 5. The results show that the pro-
posed SRC can generate  2.5-bit value resolu-
tion in the digital representation. By increasing 
the delay chain length and number of ACDs, we 
can get more bits. However, the upper limit is 
bounded by the maximum obtainable output 

order. Fig. 5 shows the rank coding simulation 
for time differences from 0 ns to 60 ns between 
the inputs In1 and In2. The SRC performance 
has been checked under the temperatures (-40 
°C, 27°C, 85 °C), and any deviations have been  
compensated by adapting the synapses 
weights, which can be achieved by changing 
the value of the memristor through 8-bit binary 
digitized transistor.  In future work, the resolu-
tion will be increased and the design of a com-
plete adaptive spiking sensor conditioning and 
to-digital conversion electronics be advanced. 

 
Fig. 4. Adaptive Coincidence Detection simulation. 

 
Fig. 5. Rank coding simulation of Fig. 3 SRC circuit. 
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