
Self-judgement flip coding for resistive
random access memory

Zhongyuan Xiang and Feng Zhang✉

A novel low-energy write scheme, self-judgement flip coding (SJFC),
for resistive random access memory (RRAM) is proposed. Lots of
energy will be consumed in the write process of RRAM, especially
in the reset process. Owing to RRAM being sensitive to heat, excessive
heat accumulation will lead to thermal crosstalk. Through reading ori-
ginal data, SJFC analyses and computes the Joule heat produced in the
write data flow and further judges whether to make flip coding on the
write data flow. The result is that between the original write data flow
and flip coding data flow, the one producing lesser energy will be trans-
mitted to the write circuit to produce lesser energy in the RRAM write
process. The stimulation result shows that SJFC could reduce energy
consumption by 39% on average in the write process.

Introduction: Owing to the limitation in area, power consumption,
speed and so on, traditional non-volatile memories, such as FLASH,
cannot satisfy the storage needs on a large scale. At the same time, resis-
tive random access memory (RRAM) is considered the most promising
emerging memory to take the mainstream position of FLASH due to its
excellent characteristics, such as high integration density, low power
consumption, high speed in read and write, as well as good compatibil-
ity with CMOS process.

Joule heat plays a key role in the process of the formation and the frac-
ture of the RRAM conductive filament [1, 2]. Especially in the reset
process, the RRAM unit is in the low resistance state (LRS) initially
so that the current is larger than the set process, in which the RRAM
unit is in the high resistance state initially, with more Joule heat being
generated during the process [3]. Plenty of energy will be consumed
in the write process of RRAM and the adjacent RRAM units get
closer when RRAM is in high integration density. As heat is conductive
and Joule heat is important in the set and reset process of RRAM, exces-
sive Joule heat will lead to state flip, as is similar to over write [1, 4].
When a RRAM unit does the write operation frequently, especially
the reset operation, the heat produced will be accumulated and con-
ducted to the adjacent RRAM units. Then the resistive state of adjacent
RRAM units will be influenced so that its retention character will get
worse and even the resistive state may switch. This is the so-called
thermal crosstalk in RRAM.

To reduce the heat produced in the write process of RRAM and
weaken the thermal crosstalk, a low-energy write scheme, self-
judgement flip coding (SJFC) for RRAM, is proposed.

Self-judgement flip coding: Different from FLASH, RRAM does not
need to do an erase operation before writing. Therefore, when the
RRAM unit in the LRS is set, that is, write ‘1’ to ‘1’, unnecessary
over write will happen. It is similar to writing ‘0’ to ‘0’. Over write
will result in energy waste and even resistance state flip. The essential
reason is superabundant Joule heat [1]. The problem mentioned above
can be eliminated with the self-adaptive write mode (SAWM) [4] in
the write circuit of RRAM. If ‘1’ is written to the RRAM unit which
is stored as ‘1’, the write circuit will switch off the write voltage immedi-
ately. It is the same with writing ‘0’ to ‘0’. That is to say, only if the
resistance state needs to flip in the write process, the write circuit will
add the corresponding write voltage pulse to the RRAM unit, as will
lead to the Joule heat generation of the unit. Therefore, the heat pro-
duced in the write process of RRAM is related to not only write data,
but also the original data in RRAM.

If the assumptions are as follows: the write data flow of n bits is w
[n:1], w for short, and the original data in the memory is r[n:1], r for
short; the Joule heat produced in the set per unit is denoted as ‘1’ and
the Joule heat produced in reset per unit is denoted as ‘k’ (k > 1); the
bitwise not of w is denoted as w′ and the bitwise not of r is denoted
as r′; Q is the quantity of heat produced after the writing data flow,
then Q could be calculated by the formula as follows:
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∑n
1
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w · r′( )
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where
∑n

1 w′ · r( ) in (1) denotes the sum of a vector with n bits which is
obtained by the inner product of w′ and r. Apparently when r is constant,
Q depends on w, then we call the bitwise not of w is a flip coding of w.

After a flip coding of w, the Qflip produced after the flip coding of the
write data flow can be written as
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Therefore, the flip coding discriminant can be written as
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If the result of (3) is >0, it indicates that a lesser heat is generated and the
heat accumulation effect is weakened, with flip coding.
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Fig. 2 SJFC flowchart

On the basis of the mathematical analysis mentioned above, the SJFC
circuit is added before the write circuit of RRAM. Ahead of the write
operation of the write circuit, the SJFC circuit reads the data r of the
RRAM unit in the memories corresponding to the write operation
address. With the calculation of (3) based on r and the write data flow
w, SJFC can judge whether to make flip coding of the write data flow.
As Fig. 1 shows, if a 64 bits write data flow is divided into eight data
blocks called D0 to D7, respectively, and each data block corresponds
to 8 bits data, then the SJFC circuit will make discriminant calculation
of the flip coding on eight data blocks in parallel. If the result of the dis-
criminant calculation is less than or equal to 0, the data blocks could be
transmitted to the write circuit of RRAM directly, such as D0, D1, D3
and D7. Otherwise, data blocks are needed to be made flip coding,
like D2, D4, D5 and D6, and only flipped data blocks can be transmitted
to the write circuit of RRAM.

Fig. 2 is the flowchart of SJFC. The SJFC circuit chooses the one pro-
ducing lesser heat between the original and the flip coding data flow, to
be transmitted to the write circuit, for the purpose of reducing the Joule
heat generated in the write operation of RRAM. The cost of the SJFC
scheme is adding a flag bit in each data block to show whether this
block has been made flip coding and to guarantee the correct decoding
when read in the future. In addition, the SJFC scheme adds the read
process in the traditional write process so that the write process will
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slow down. Fortunately, the time for the read process of RRAM is
merely 1/40 of the write process [5], therefore it has little influence on
the speed of the write process. What is more, because the time for the
read process is so short, its energy consumption is also very limited.
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Fig. 3 Heat simulation results chart

a Simulation results without SJFC
b Simulation results with SJFC
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Fig. 4 Column chart of average power consumption in write process of each
RRAM unit

Simulation results: SJFC was implemented with Verilog HDL and ver-
ified with the Synopsys VCS simulation tool. The result data was pro-
cessed with MATLAB. The calculation of the flip coding discriminant
is the key to the SJFC circuit. It is the function of read data flow r,
write data flow w, reset operation Joule heat weight k and the bit
width of the data block n. Byte was chosen to be the unit of the data
block, that is, n is equal to 8. k could be calculated by referring to the
energy produced in the reset and set operation in reference paper [4],
that is, the energy of the reset operation is 517 pJ/bit and the energy
of the set operation is 1.46 pJ/bit, then k is about 354.

Fig. 3 is the simulation results chart of heat produced in the write data
with byte as the data block. To be specific, r is the original storage data
in RRAM (0–255) and w is the write data flow (0–255). Fig. 3a is the
stimulation results without the SJFC circuit and Fig. 3b is the simulation
results with the SJFC circuit. Compared with Fig. 3a, the heat shown in
Fig. 3b is compressed and the quantity of heat is mainly under 2000 pJ/
byte.

Fig. 4 is the column chart of the average energy consumption in the
write process of each RRAM unit. The simulation results show that 49%
heat could be reduced with the adoption of SAWM in the circuit. If the
SJFC scheme is adopted, heat could be reduced by 39% on this basis so
that the heat in the RRAM could be reduced more wholly.

Remarkably, the simulation results show that with the adoption of
SAWM, the value of k is about 354; without SAWM, k is about 5 [4].
By contrast, k is reduced 98%, but the compression ratio of heat with
SJFC just reduces about 4%. This indicates that the reduction effect
of heat with SJFC does not rely on a large k.

The simulations mentioned above are based on the result of a single
byte data block, that is, n is equal to 8. Designers can adjust this value
according to actual needs. Apparently, the smaller the n value, the higher
will be the reductive percentage of heat. When n is 4 and k is 8, the
average reductive percentage of heat with the adoption of the SJFC
scheme could be over 50%. However, the cost is that every 4 bits data
requires a flag to indicate whether this bit has been made flip coding.
That is, the memory needs 20% storage space to store the flag informa-
tion, but the scheme with the single byte as the unit of the data block
only needs an extra 1/9 storage space. Due to the high integration of
the RRAM, the storage space will not be the problem generally, but
designers had better set the n value based on the actual condition.

Conclusion: A low-energy write scheme based on SJFC is proposed.
The result is that between the original write data flow and the flip
coding data flow, the one producing lesser energy will be transmitted
to the write circuit to produce lesser energy in the RRAM write
process. Theoretical analysis and stimulation results show that SJFC
could reduce energy by 39% on average in the write process.
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