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Towards Biologically-expressive SNNs

• Threshold adaptation

[Bellec et al., 2018; Salaj et al., 2021]

MOTIVATION

• Current Adaptation Dynamics

[Baronig et al., 2025]

• Time-constant heterogenity

[Perez-Nieves et al., 2021]

  
 

  
 

  
  

  

  
 

 

𝜏𝑚

  
 

  
 

  
  

  

  
 

 

𝝑 → 𝝑 𝒕

𝝑 𝒕

𝑼𝒎

  
 

  
   

  
  

𝝉𝒂𝒅𝒑 ሶ𝐼𝑎𝑑𝑝 𝑡 = −𝐼𝑎𝑑𝑝 𝑡 + 𝑎 𝑈𝑚(𝑡) + 𝑏 𝑧(𝑡)

𝝉𝝑 ሶ𝜗(𝑡) = 𝜗(𝑡) + 𝑎 𝑧(𝑡)



7 / 24Neuroperceptive Micro/NanoSystems, ICAS — Barcelona, Spain

Towards Biologically-expressive SNNs

• Threshold adaptation

[Bellec et al., 2018; Salaj et al., 2021]

MOTIVATION

• Current Adaptation Dynamics

[Baronig et al., 2025]

• Time-constant heterogenity

[Perez-Nieves et al., 2021]

  
 

  
 

  
  

  

  
 

 

𝜏𝑚

  
 

  
 

  
  

  

  
 

 

𝝑 → 𝝑 𝒕

𝝑 𝒕

𝑼𝒎

  
 

  
   

  
  

𝝉𝒂𝒅𝒑 ሶ𝐼𝑎𝑑𝑝 𝑡 = −𝐼𝑎𝑑𝑝 𝑡 + 𝑎 𝑈𝑚(𝑡) + 𝑏 𝑧(𝑡)

𝝉𝝑 ሶ𝜗(𝑡) = 𝜗(𝑡) + 𝑎 𝑧(𝑡)



8 / 24Neuroperceptive Micro/NanoSystems, ICAS — Barcelona, Spain

Towards Biologically-expressive SNNs

• Threshold adaptation

[Bellec et al., 2018; Salaj et al., 2021]

MOTIVATION

• Current Adaptation Dynamics

[Baronig et al., 2025]

• Time-constant heterogenity

[Perez-Nieves et al., 2021]

  
 

  
 

  
  

  

  
 

 

𝜏𝑚

  
 

  
 

  
  

  

  
 

 

𝝑 → 𝝑 𝒕

𝝑 𝒕

𝑼𝒎

  
 

  
   

  
  

𝝉𝒂𝒅𝒑 ሶ𝐼𝑎𝑑𝑝 𝑡 = −𝐼𝑎𝑑𝑝 𝑡 + 𝑎 𝑈𝑚(𝑡) + 𝑏 𝑧(𝑡)

𝝉𝝑 ሶ𝜗(𝑡) = 𝜗(𝑡) + 𝑎 𝑧(𝑡)



9 / 24Neuroperceptive Micro/NanoSystems, ICAS — Barcelona, Spain

Richness of Biological Dynamics

MOTIVATION
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METHODS
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Passive membrane Fast excitability Slow excitability

Conductance-
based:

[Ribar and Sepulchre, 2019]

Smooth gradients!

Building the MTC Network
𝜏𝑚 𝜏𝑠 𝜏𝑢𝑠

𝜏𝑥 ሶ𝑈𝑥 𝑡 = −𝑈𝑥(𝑡) + 𝑈𝑚(𝑡)

𝐼𝑥
± 𝑡 = ±𝛼± tanh(𝑈𝑥 𝑡 − 𝛿𝑥

±)
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METHODS

✓ Sparse Communication

✓ Amplitude Standardization

✓ Gradient-Friendly Landscape
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• Multi-Step ahead
forecasting of a Chaotic
Time-Series at the
predictability horizon
(Mackey-Glass)

METHODS

SINGLE-LAYER
FEEDFORWARD

MTC Implementation in paper

• 50% Spiking
• 50% Bursting

• Time-Constant 
heterogeneity

wIN wOUT
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Results

RESULTS

Sparsity
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LIF vs AdLIF vs MTC

Model 𝑹𝟐 𝑺𝒄𝒐𝒎𝒑

LIF 0,66 0,76

AdLIF 0,982 0,73

MTC 0,988 0,92
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Conclusions

CONCLUSIONS

✓ Conductance-base Network

✓ Multiple Timescales

✓ Rich Spiking Repertoire

✓ Directly differentiable

✓ Improved Accuracy

✓ Improved Sparsity
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