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Fig. 1. Schematic diagram of fluorine attacks oxide, illus-

trating the corrosion mechanism of the oxide layer in the W
gate (O-N-O represents the oxide tunneling layer, nitride

capture layer and oxide barrier layer, respectively).
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Fig. 2. (a) Schematic diagram of the 3D NAND array structure in the Y-Z direction; (b) the manufacturing process of 3D NAND

array (the outer hole is close to the array common source area, and the inner hole is far away from the array common source area).
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Fig. 3. (a) Schematic diagram of annealing after W depos-
ition, illustrating the thermal processing can discharge the
remaining F element; (b) SIMS of the F element in the W
layer after AP and LP.
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Fig. 4. The EELS map of F element in the oxide barrier
layer: (a) AP, inner hole; (b) LP, outer hole; (d) LP, inner
hole; (b) AP, outer hole.
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Fig. 5. The WL leakage index of the same WL at AP and
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Fig. 6. (a) The WL sheet resistance and (b) the wafer bow
of the sample of initial TiN thickness after AP and LP an-
nealing, and the sample of thickened TiN after AP anneal-

ing.
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Abstract

In this work, the influence of fluorine (F) erosion on tungsten (W) gate process is studied, and the measure
to mitigate the word line (WL) leakage resulting from F erosion in 3D NAND flash memory is proposed. As the
number of layers in 3D NAND increases, the tungsten (W) gate word line (WL) layer fill process becomes more
challenging in the post-gate process. As the fill path length increases, the tungsten gates become more
susceptible to voiding during deposition, resulting in the accumulation of fluorine (F) by-products, and causing
fluorine attack issues. In particular, under the influence of subsequent high-temperature processes, the by-
products containing fluorine can diffuse into the surrounding structure and corrode the surrounding oxide layer.
This leads to WL leakage, thereby affecting device yield and reliability. This paper begins by analyzing the
microscopic principles of fluorine erosion in 3D NAND. We also propose a low-pressure annealing method to
address the issue of fluorine erosion. Then, we conduct the experiments on annealing planar thin film stacks and
3D filled structures under atmospheric condition and low-pressure condition. We use various methods to
characterize the concentration and distribution of residual fluorine elements. The experimental results
demonstrate that under appropriate conditions, the residual fluorine in the tungsten gate can be effectively
released by low-pressure annealing, thus reducing the leakage index of the word line. Additionally, as the outer
CH is closer to the fluorine discharge channel, the influence of low-pressure annealing on the outer CH is more
pronounced than on the inner CH. The low-pressure annealing can significantly reduce the fluorine content in
the tungsten gate. This method can also mitigate the issue of fluorine attack oxides and reducethe WL leakage.

Using low-pressure annealing treatment can also enhance the quality of 3D NAND flash technology.
Keywords: 3D NAND flash memory, fluorine attacking, word-line leakage, low pressure annealing
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