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Motivation

• Computation hardware architecture that 

is suitable to implement neural networks 

at edge devices is an emerging topic. 

• Key Design Considerations

➢ Hardware resources limitation 

➢ Less memory requirement and high 

energy efficiency is preferred.
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Introduction

Motivation

• Von Neumann architecture is not compatible for 

the massive parallel operations required in 

Neural Networks.

• Non-volatile memristor devices can realize 

vector-matrix multiplication (VMM) in an analog 

crossbar with low energy consumption.
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Challenges

• Due to the existence of non-linearity, parasitic line resistance leads 

to substantial computation accuracy degradation in crossbar array.

• To include the line resistance into the system, Kirchhoff’s Current 

Law (KCL) equations is used to calculate the voltage drop.

• However, the matrix-inversion based linear equation requires high 

time complexity up to O(m2n2).
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Basics of Memristor Crossbar

VMM realisation

• For a  vector matrix multiplication, 

transfer the input vector to the word line 

voltage V1xm and the input matrix to the 

conductance of memristor Gmxn.

• The current detected in bit line is the 

result I1xn as
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Line Resistance Effect

• The current goes across bit line 

will be influenced by sneak path 

current. 

• line resistance consumes much 

voltage and caused IR drop on 

memristor.

Basics of Memristor Crossbar
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• Bit line resistance effect matrix is defined as α

• 𝑉𝑖,𝑗 = 𝐼1,𝑗/𝐺1𝑗 + [ 𝑖 − 1 𝐼1,𝑗 + 𝑖 − 2 𝐼2,𝑗 +⋯+

𝐼𝑖−1,𝑗]/𝑔

• 𝛼𝑖,𝑗 = 𝑉𝑖, 𝑗/𝑉𝑖𝑛 =
𝐼1,𝑗∙𝑔+ σ𝑘=1

𝑖 (𝑖−𝑘)𝐼𝑘,𝑗 ∙𝐺1,𝑗

𝐼1,𝑗∙𝑔+ σ𝑘=1
𝑚 (𝑚−𝑘+1)𝐼𝑘,𝑗 ∙𝐺1,𝑗
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• Similarly, word line resistance effect matrix is defined as 𝛽

• 𝛽𝑖,𝑗 =
𝐼𝑖,𝑛∙𝑔+ σ𝑘=1

𝑛−𝑗+1
(𝑘−1)𝐼𝑖,𝑗+𝑘−1 ∙𝐺𝑖,𝑛

𝐼𝑖,𝑛∙𝑔+ σ𝑘=1
𝑛 𝑘𝐼𝑖,𝑘 ∙𝐺𝑖,𝑛

• Finally, VMM estimation

• 𝐼𝑜 = 𝑉𝑖𝑛 × 𝛼 ∙ 𝐺 ∙ 𝛽

αβ-Matrix Model
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• Define IR drop as

• IR drop simulation of each RRAM on 64×64 

crossbar array with line resistance of 1.55 Ω 

and weights generated randomly. (a) KCL 

equations. (b) αβ-matrix model.

(a)

(b)

αβ-Matrix Model
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• The IR drop of the 1st, 32nd and 64th row of the crossbar array with 

1.55 Ω line resistance. 

αβ-Matrix Model
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• The maximum difference is less than 1.5%.

• The proposed αβ-model has an average error of 0.74%. 

αβ-Matrix Model
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• The NN used to evaluate the proposed approach is a MLP with 

two fully connected layers and one ReLU layer. 

Perceptron Implementation
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• Neglectable difference is observed 

when the line resistance is small than  

1.55 Ω. 

• The difference is less than 0.15% and 

0.4% when the line resistance is 

increased to 2.97 Ω and 4.53 Ω, 

respectively.

Perceptron Implementation
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• The proposed crossbar line resistance estimation method, αβ-matrix 

model, estimates the line resistance IR drop with computation 

complexity of O(mn). 

• 97.3% classification accuracy is achieved on 64×64 6-bit RRAM 

crossbar arrays for 2-layer MLP MNIST classification.

• Compared to the KCL solver, the classification accuracy degradation 

on test MLP is less than 0.4% with line resistance up to 4.5Ω.

Summary
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Thank you!
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