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▪ Introduction of selective nitride etching

▪ Overview of nitride etching process

▪ Oxide regrowth issue

✓ What is oxide regrowth?

✓ Where does it occur?

✓ What does determine oxide regrowth?

✓ Oxide regrowth mechanism

▪ Summary
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▪ 3D NAND is used for the storage applications such as solid-state drives (SSD). 

▪ 3D NAND provides a lower power consumption with faster performance and 

with longer life time. 

NAND Revenue Forecast 



4S. Lim

poly-Si SiO2

Si3N4

Dry etching 

of slit

Selective 

removal of Si3N4

Gate dielectrics and 

metal deposition

Metal 

etching

W
SiO2

Si3N4/SiO2 layer stack, 

etching and poly-Si

Planar NAND 3D NAND Cross section of Samsung’s 86 Gbit 32-layer 
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▪ Introduction of 3D NAND increases storage capacity without shrinkage of the cells. 

▪ As the number of stack layers increases, the memory density increases. The chip makers 

are racing to develop next technology generations.
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Si3N4

SiO2

3Si3N4 + 27H2O +4H3PO4 ⇌ 4(NH4)3PO4 + 9H2OSiO2

ammonium phosphate hydrated silicon dioxide
influences SiO2

etching

J. Electrochem. Soc. 114 (1967) 869

Si3N4 Etching Rate

SiO2 Etching Rate
etching selectivity =additive

▪ In general, any effort to increase etching rate of Si3N4 increases etching rate of SiO2

more. Thus, Si3N4 to SiO2 etch selectivity decreases.

▪ Temp increases → H2O evaporates more → increases H3PO4 concentration →

increases BP of solution → not reaching to BP → decreases etching rate

▪ If etching of SiO2 is hindered, removal of Si3N4 is also suppressed. 
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Si3N4 ER: 388 Å/min, 

Selectivity: 504

Si3N4 ER: 492 Å/min, 

Selectivity: 446

YONSEI UNIVESITY

YONSEI UNIVESITY

Si3N4 Etching Rate (Å/min)
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▪ Additives control etching rate of 

Si3N4 and nitride-to-oxide etch 

selectivity.

▪ In general, trade-off between 

etching rate and etch selectivity is 

observed.

▪ However, we may be able to chase 

two rabbits by optimizing additives.

85% H3PO4
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with etch inhibitor addition

Issues are:

▪ Etching rates and selectivity change between blanket and 3D structure wafers. 

▪ Etching behavior changes with the number of stack layers.

▪ Top to bottom etch non-uniformity becomes critical.

▪ Is that all? 
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32.6 nm 40.9 nm 50.4 nm 54.5 nm
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Atomic %

Si O N

1 30.8 69.2 0.0

2 42.5 53.7 3.8

3 30.5 69.5 0.0

4 33.4 66.6 0.0

5 42.1 54.2 3.7

6 31.4 68.6 0.0

7 31.5 68.5 0.0

8 46.5 48.0 5.5

9 30.4 69.6 0.0

a 30.7 69.3 0.0

b 16.5 83.5 0.0

c 27.7 72.3 0.0
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Case I

▪ Assumption: Additives (inhibitor) were not 

uniformly dissolved in the etchant, and the 

concentration of etching inhibitor is higher at 

the bottom. Etching rate is higher at the top.

▪ Under this condition, oxide regrowth may 

result mainly from the additives distribution. 

▪ However, generally etch rate was uniform at 

the top and the bottom.

Case II

▪ Assumption: Additives (inhibitor) were 

uniformly and completely dissolved in the 

etchant. Etching rate is uniform at the top 

and the bottom.

▪ Heavier oxide regrowth at the bottom is due 

to the mass transfer issue of etch product 

from the multi-layer stack to the bulk 

solution.
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▪ In the beginning of etching process, diffusion of etch product to bulk solution (   ) 

easily occurs. Only a limited portion of etch product chemisorbs on the SiO2 layer (   ) 

surface.

▪ As the etching proceeds, amount of nitride etch products that will chemisorb on SiO2

(   ) increases. On the contrary, only limited nitride etch products will diffuse to the bulk 

solution.

▪ Oxide regrowth may be due to hydrogen bonds and Van der Waals force.



11S. Lim

SiO2

Si3N4

t = t2

SiO2

L

Possibility of 
oxide reside

L

0

1

t1 t2

t3
t4

▪ The oxide-regrown area extends as etching 

proceeds. 

▪ Entrance is exposed to the etch products for 

the entire period of process. Therefore, oxide 

regrowth is heavy at the entrance.

▪ As etched depth increases, concentration 

gradient of etch product decreases. Thus, 

diffusion of etch product to bulk solution is 

hindered and oxide regrowth easily occurs.  
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concentration gradient of etch 
product (dC/dx) decreases 
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H3PO4 with strong inhibitor addition @ 160 °C

1x 5x

▪ The additives concentration determines degree of oxide regrowth.
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5 minH3PO4: 0 min 10 min 15 min 20 min

+ H3PO4 with 

mild inhibitor, 

20 min, 160 °C

▪ With the increase in the first etching period in H3PO4, oxide regrowth was 

suppressed.

▪ The amount of etch product produced near the trench (i.e. etching rate) is 

another key factor that decides behavior of oxide regrowth.

+ H3PO4 with 

strong inhibitor, 

20 min, 160 °C
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▪ Additives are completely dissolved in etchant. Therefore, there 

shouldn’t be any concentration difference in the etchant. 

▪ If additives were not completely dissolved, its concentration must be 

higher at the top of the 3D NAND structure than at the bottom. 

only by additives?

▪ There is no chance that etching rate, which is generation rate of etch product, 

is faster at the bottom of the 3D NAND structure. 

▪ Therefore, if oxide is regrown only by etch products, oxide regrowth should be 

heavier at the top. However, in general oxide regrowth is heavier at the 

bottom. 

In general, oxide regrowth is heavier at the bottom. 

Oxide regrowth might be brought by both additives and etch products.

only by etch products?
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▪ H3PO4-only: just thinning of SiO2 with no oxide regrowth because 

of zero inhibitor concentration

▪ Certain amount of inhibitor is required to get a higher etch selectivity, 

and a higher etching rate is definitely needed for manufacturing.

▪ k is the only factor we can control over the margins. 

Optimization of additives will be able to reduce it.

k : determined by surface wetting property, reactivity, 

adsorption & condensation rate, and so on

Degree of oxide regrowth = k x  inhibitor conc.  x  etch product generation rate (≈ ER)
at a given structure

k’ = k x  etch product generation rate (≈ ER)

Degree of oxide regrowth = k’ x  (1 / diffusion rate of etch product)
in a given solution

▪ The location of oxide regrowth (bottom > top, entrance > cul-de-sac) will 

be determined by how fast the etch products diffuse to the bulk solution.
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TEM images of Si3N4/SiO2 stack layers after selective wet etching

Conventional

H3PO4 process
Oxide regrowth 

with additives

Optimization 

with additives
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▪ In the selective nitride etching process for the manufacturing of 3D 

VNAND structure, not only etching rate of nitride and etch selectivity, but 

also oxide regrowth is a critical issue that we need to consider.

▪ Oxide regrowth results from the additives which are introduced to control 

etching rate and etch selectivity.

▪ Oxide regrowth occurs more at the bottom and the entrance of Si3N4/SiO2

stack entrance because of the mass transfer issue.

▪ Degree of oxide regrowth is determined by the type and concentration of 

etching inhibitor and the amount of etch product produced near the trench.

▪ Surface wetting property, reactivity, and adsorption and condensation rate 

may be controlled by optimization of additives, which will suppress oxide 

regrowth without loss of etching rate and selectivity.
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