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Abstract 

We examined the implementability of an in-memory 

computing circuit for artificial neural network using 

programmable current source circuit and a memory 

formed of an oxide semiconductor (OS) FET including 

crystalline OS in its channel layer. 

 

1. Introduction 

Energy reduction in memory access and data transfer is 

an issue for an artificial neural network (ANN) using the 

von Neumann computer [1]. To solve the issue, in-memory 

computing (IMC) in which arithmetic operation is also per-

formed in a memory circuit in data reading has attracted 

attention. Extremely low off-state current of an oxide semi-

conductor FET (OS-FET) realizes a charge retention multi-

level memory (OS memory) [2, 3], while it is difficult for an 

SRAM to retain multilevel data [1]. In addition, unlike to a 

flash memory [5], voltage to be retained can be directly in-

put to the OS memory like a DRAM [2]. Furthermore, un-

like an ReRAM [6], the OS memory does not retain data in a 

memory element, and therefore is robust against process 

variation (Table I). In view of this, we examined an OS 

memory-based IMC circuit for ANN. 

 

2. Circuit Design with OS Multi-bit Memory for IMC 

Circuit : OS Memory Cell, Current Source and IMC Circuit 

Fig. 1 shows circuit operation of the OS memory, which 

consists of one OS-FET, one Si-FET, and one capacitor. In 

data writing, weight data W is written to a node FN (𝑉𝐹𝑁 =

𝛥𝑊 + 𝑉𝑟𝑒𝑓). In data reading, input data X is written to the 

node FN by capacitive coupling (𝑉𝐹𝑁 = 𝛥𝑊 + 𝑉𝑟𝑒𝑓 + 𝛥𝑋). 

In addition, the IMC circuit utilizes current in a saturation 

region of the Si-FET. As expressed by the equation (1) in 

Fig. 1, the product of 𝛥𝑊 × 𝛥𝑋 is obtained by addition and 

subtraction of currents I1 to I4 of the Si-FETs with respect to 

four kinds of 𝑉𝐹𝑁 [4]. 

Fig. 2 illustrates a configuration of a circuit capable of ef-

ficiently generating the four currents I1 to I4. Two memory 

cells, i.e., Cell A to which W is written and Cell B to which 

W is not written are used. In data reading, currents to flow 

in the Si-FETs are generated in two modes: Mode1 in which 

X is not applied and Mode2 in which X is applied. Cur-

rent I5 is obtained by addition and subtraction of the currents 

I1 to I4 generated in the cells in the corresponding modes. 

Since Mode2 operation is performed after Mode1 operation, 

current source circuits for retaining the currents I3 and I4 

generated in the Mode1 operation are required. 

Fig. 3 illustrates a programmable current source circuit 

using OS-FETs. In Mode1, the current I3(I4) is generated in 

the Cell A(B) and copied to a current source A(B). In Mode2, 

the current I1(I2) is generated in the Cell A(B) and a switch 

A(B) of OS-FET is turned off. Consequently, the current 

I3(I4) retained in the current source A(B) in Mode1 flows, 

and the four currents I1 to I4 are added and subtracted to give 

the current I5 in proportion to 𝛥𝑊 × 𝛥𝑋. 

Fig. 4 is a diagram of the whole circuit configuration. The 

current I5 is converted into voltage by an operational ampli-

fier. Connection of numerous Cells A and Cells B in the 

column direction allows the product-sum operation. A plu-

rality of Cells A in one row can share one Cell B, which is 

independent of the weight W. 

Simulation Result of the IMC Circuit 

Fig. 5 shows simulation results of an IMC circuit de-

signed on the assumption of an OS-FET based on a 350-nm 

technology and a Si-FET based on a 110-nm technology. 

Fig. 5(a) is the result of the product-sum operation 𝑌 =
∑ 𝛥𝑊𝑖 × 𝛥𝑋𝑖

𝑛=25
𝑖=1  where W1–25  1 or 1 and X1–25  1, 

0, or 1, which demonstrates that the product-sum operation 

is possible. Fig. 5(b) is the result of the product-sum opera-

tion 𝑌 = ∑ 𝛥𝑊𝑖 × 𝛥𝑋𝑖
𝑛
𝑖=1  where W1–n  1, 1, or 0 and 

X1–n  1 or 0. We confirmed that the result of product-sum 

operation changes in proportion to the number of rows n. 

Fig. 5(c) shows the simulation results of the multiplication 

𝛥𝑊1 × 𝛥𝑋1 where ∆𝑊1  1 or 1 and ∆𝑋1  1 or 1 

on the assumption of the Si-FET characteristic variation in 

the manufacturing process (3 /1024runs). The results show 

that 3 is less than 0.1 in the multiplication 1  1, which 

reveals that a margin that allows a multiplication is ensured. 

 

3. Conclusions 

We designed an IMC circuit based on an OS-FET/Si-FET 

hybrid structure, and verified its circuit operation. This cir-

cuit is applicable to ANN applications. 
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Fig. 1 Circuit operation of OS memory cell and multiplication 

 

 
 

Fig. 2 Circuit operation of Cell A and Cell B generating I1–I4 and I5 

generation equivalent circuit 

 

 
 

Fig. 3 Current source circuits and data reading circuit operation in 

Mode1 and Mode2 

 

 
 

Fig. 4 Whole in-memory computing circuit 

 

 
 

Fig. 5 Simulation results of product-sum circuit operation 

(a) ∑ 𝛥𝑊𝑖 × 𝛥𝑋𝑖
𝑛=25
𝑖=1  : transient analysis result 

(b) ∑ 𝛥𝑊𝑖 × 𝛥𝑋𝑖
𝑛
𝑖=1  : with an increase of n 

(c) 𝛥𝑊1 × 𝛥𝑋1 : on the assumption of characteristic varia-

tion (3 /1024runs) 
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