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Abstract

Recently, handheld consumer electric products, smart car electric
products and smart medical industry require a lot of non-volatile
embedded memory for code storage. To achieve high program
performance and instant responding need, the products read the
program code out from memory fast. Handheld consumer electric
products often process a lot of data calculation. The smart car electric
products have to read different control process codes quickly to do
fast rely in different conditions. In the emerging biomedical industry,
the instant bio-detection and automatic medical care and reply are
required. These processes also require large data recognizing and
process control. By combining the non-volatile embedded memory
and micro controller unit (MCU), we can largely increase the data
process speed of MCU and meet the requirements of the handheld
consumer electric products, smart car electric products and smart

medical industry.

The mainstream non-volatile memory is FLASH. However, the Flash
has disadvantages like slow write speed, high write voltage, high
write current, slow read speed and it can’ t do the write operation
directly(It requires an erase operation before a write operation.). Also
the flash memory meets many challenge and difficulty in nanometer
process scaling. Therefore, developing new type of non-volatile
memory is necessary and important. Among those emerging non-
volatile memory, people believed that RRAM is a very promising
candidate. When the RRAM is operated with appropriate write
current, it would have the features like direct write operation, rapid
write time, low write voltage, low write power, high speed read,

stable resistance value and long retention time.
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However, RRAM memory is facing two major challenges:

1. Meet the driving current need and reduce MOS area to improve

memory density.

2. Enlarge the sensing current to increase yield, access time and

avoid read disturbance at the same time.

In this work, we used a CMOS process compatible BJT device to
drive RRAM cell. In this way, we can save 4.5 times of area reduction.
However, the BJT driving capability is quite sensitive to temperature. If
we use traditional bias circuit to bias BL voltage, the read disturbance
would occur at high temperature. On the other hand, the read
current would reduce and influence yield at low temperature. To
solve the problem, we propose a Temperature-Aware Bit-line Bias
Scheme (TABBS) to solve the temperature variation problem on BJT.
This scheme can increase 4.7 times of cell current at low temperature

and increase 1.6 times of read access time.

We implement a 1Mb BJT RRAM memory test chip in 0.18 um process
and 2Mb BJT RRAM memory test chip in 65nm process separately.
From the measurement result, the read access time and reach as fast
as 4.2ns. It's the fastest access speed in Mb scale RRAM chip in the

world.




