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The market for high capacity flash memories has been growing with increasing application of data storage
in digital equipments. In order to create services by artificial intelligence, higher capacity and higher
programming throughput are required for flash memory. Though multilevel program cell (MLC) technique is
one of the most effective approaches for increasing capacity, it is difficult to achieve high programming
throughput and high reliability. In this thesis, high programming throughput and high reliability in MLC
flash memories are described.

In section 2, constant charge injection programming (CCIP) is proposed for high—throughput MLC
programming. Though conventional source-side—injection (SSI) programming has advantages on high-speed
cell programming and high programming efficiency, large characteristic variation degrades programming
throughput of MLC flash memory. CCIP reduces the characteristic variation by using constant charge stored
in capacitor. Threshold voltage (Vth) variation is drastically narrowed from 5.5V to less than 1.5 V by
CCIP.

In section 3, implementation of CCIP to diffusion AG-AND flash memory is described. The cell size of
diffusion AG-AND is reduced to 6F% by removing shallow trench isolation. By applying CCIP to 1Gb diffusion AG-AND
flash memory, programming time is reduced from 1250 us to 550 u s. Programming throughput of 10MB/s is achieved
by both CCIP and four—bank operation.

In section 4, implementation of CCIP to inversion AG-AND flash memory is described. The cell size of
inversion AG-AND is reduced to 4F? by applying inversion layer under AGs for source and drain. Address
compensation and temperature compensation methods are applied to control resistance of inversion layer.
Programming throughput of 10MB/s is achieved by charge-share, self-boost and negative source techniques.

In section 5, reliability in MLC flash memories is described. Vth fluctuation due to random telegraph
signal (RTS) in flash memory is observed for the first time. Proposed statistical design methods with
error correction codes (ECC) enables optimized Vth levels of MLC flash memory.

In section 6, conclusion and future concerning problems are described.
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