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ABSTRACT 
 

The storage capacity of 3D-NAND flash memory has been enhanced by the multi-layer dielectrics. The deposition 

process has become more challenging due to the tight process margin and the demand for accurate process control. To 

reduce product costs and ensure successful processes, process diagnosis techniques incorporating artificial 

intelligence (AI) have been adopted in semiconductor manufacturing. Recently there is a growing interest in process 

diagnosis, and numerous studies have been conducted in this field. For higher model accuracy, various process and 

sensor data are required, such as optical emission spectroscopy (OES), quadrupole mass spectrometer (QMS), and 

equipment control state. Among them, OES is usually used for plasma diagnostic. However, OES data can be 

distorted by viewport contamination, leading to misunderstandings in plasma diagnosis. This issue is particularly 

emphasized in multi-dielectric deposition processes, such as oxide and nitride (ON) stack. Thus, it is crucial to 

understand the potential misunderstandings related to OES data distortion due to viewport contamination. This paper 

explores the potential for misunderstanding OES data due to data distortion in the ON stack process. It suggests the 

possibility of excessively evaluating process drift through comparisons with a QMS. This understanding can be 

utilized to develop diagnostic models and identify the effects of viewport contamination in ON stack processes. 
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1. Introduction 1 

3D-NAND flash memory structure has been adopted to 

enhance the storage capacity of flash memory device [1]. 

The structure demand higher multi-layer dielectric such as 

oxide and nitride (ON) vertical multi-dielectric stack and it 

referred to as the ‘ON stack’ [2]. The number of vertical 

layers in ON stack directly impacts on the amount of 

memory cells. Therefore, it is important to achieve the 

higher ON stack to enhance the storage capacity [3]. By 

the tight process margin, the deposition process has 

become more challenging, and it require the accurate 

process control for achieve higher ON stack [4]. To reduce 

the product cost and successful process, the process 

diagnosis technics have been studied [5-7]. Recently the 
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Samsung Display Co. Ltd in Korea reported the process 

improvement achieve through process diagnosis using 

process data in the etch process [8]. They emphasize that 

the etch process is controlled much more accurately. The 

diagnostic technology has traditionally been focused on 

the etch process, there is a growing recognition of the 

importance of accurate control in the deposition process. 

There is an increasing interest in deposition diagnosis, 

process data will play a crucial role in this regard. 

To establish an accurate process/equipment model, it is 

important to utilize various types of process data such as 

optical emission spectroscopy (OES), quadrupole mass 

spectrometer (QMS), and equipment states [9]. However, 

adopting plasma diagnosis in the deposition process is 

challenging due to viewport contamination, especially in 

multi-dielectric processes such as the ON stack process. 

Contamination on the viewport leads to reflection and 



 

Min Ho Kim · Hyun Ken Park · Sang Jeen Hong  

 

반도체디스플레이기술학회지 제22권 제4호, 2023 

 

 

54 

absorption of light, it is varying for each wavelength. 

Short-range wavelengths have the potential for more 

severe reflection on the contaminated viewport than long-

range wavelengths. This variation in the OES spectrum, 

even when the process is stable, causes the index of the 

diagnostic model to drift due to data distortion. It hinders 

the appropriate decision of machine learning models and 

has the potential for misdiagnosis in the plasma process. 

This issue is particularly severe in the ON stack process 

due to the several dielectric layers on the viewport. To 

address these issues, it is crucial to understand data 

distortion and its influences in the deposition process. This 

paper presents the potential for misunderstanding OES-

based models due to viewport contamination in the ON 

stack process. It observes the potential increasing of 

misdiagnosis depending on the degree of contamination. 

 

2. Sensor Description 

This paper using non-invasive external sensors during 

the ON stack process, with the aim of identifying data 

variations along the cycle. The positions of the sensors are 

illustrated in the Fig. 1. The detailed description is 

provided in the respective sections below. 

 

 
Fig. 1. The schematic of 13.56 MHz CCP PECVD.. 

 

2.1 Optical Emission Spectroscopy (OES) 

The OES is non-invasive sensor, and it measures the 

intensity of plasma ray for each wavelength [10]. The each 

of wavelength corresponds to specific molecular or atomic 

reaction in the plasma such as excitation, relaxation, ioni-

zation, and recombination [11-13]. Which are expressed as 

spectrum in Fig. 2 [14, 15]. The OES spectrum is collected 

outside of the chamber and thus, it can't affect to the pro-

cess result. However, it can be distorted by the viewport 

contamination. The collected OES data exhibits intensity 

degradation along the cycle. To ensure a sufficient signal-

to-noise ratio for low-intensity peaks, saturated peaks are 

observed due to the long-integrated time of OES module 

in the early layer process. The wavelength range of the 

OES data is from 200 to 1,000 nm, and it measured by 

OES system with 440 gratings, manufactured by Korea 

Spectral Products, Seoul, Korea. 

 

 
Fig. 2. (a) The schematic of OES measurement and the OES 

spectrum of 6th oxide layer. 

 

2.2 Quadrupole Mass Spectrometer (QMS) 

QMS is also non-invasive external sensor. It measures 

the current by gas molecules in each of atomic mass unit 

(AMU) [16]. The each of AMU provides information for 

gas molecular and fraction of mixture gas and it can be 

influenced by ionize condition in the process chamber [17]. 

But it does not represent the information of process 

chamber due to the different measure position. The QMS 

data is expressed as spectrum in Fig. 3. The QMS data was 

measured for the selected AMU (1, 2, 3, 14, 15 … AMU) 

[18-20]. It was measured using ASTON, a high-sensitivity 

mass spectrometer, provided by ATIK Co. Ltd, Pangyo, 

Korea. 

 

 
Fig. 3. (a) schematic of QMS measurement and (b) the 

QMS spectrum of 6th oxide layer. 

 

3. Experiments Methods 

The ON stack was deposited using 300 mm PECVD 

system as shown in Fig. 1. The oxide and nitride layer 



 

In-situ Process Monitoring Data from 30-Paired Oxide-Nitride Dielectric Stack Deposition for 3D-NAND Memory Fabrication 

 

Journal of KSDT Vol. 22, No. 4, 2023 

 

 

55 

vertically stacked and a total of 30 pairs ON stack were 

deposited over 6 cycles, with 5 pairs of ON stack being 

deposited in each cycle. The ON stack was deposited 

using SiH4 based recipe and it shown in Table 1. 

 

Table 1. The recipe of ON stack process 

Parameter Oxide layer Nitride layer 

Power (W) 400 400 

Pressure (mTorr) 2,250 3,500 

Temperature (°C) 400 400 

Gas Mixture SiH4/N2O/N2 SiH4/NH3/N2 

Flow Rate (sccm) 200/4,000/3,000 300/1,000/2,500 

 

4. Discussion 

In this section, we discuss the risk of misdiagnosis by 

viewport contamination during the ON stack deposition 

process. We analysis the potential for misdiagnosis 

resulting from data distortion, and present two cases for 

analysis: one involving a reasonable diagnosis using raw 

data and the potential of misdiagnosis by data distortion. 

By acknowledging the influence of viewport contamina-

tion, we can better understand the implications for reliable 

process diagnosis. 

 

 
Fig. 4. The trend of OES intensity along the cycle in ON 

stack process. 

 

The OES and QMS data were analyzed at specific steps 

in the deposition process, namely at the 2nd, 7th, 12th, 

17th, 22nd, and 27th paired oxide steps, which are denoted 

as ON1, ON2, ON3, ON4, ON5, and ON6, respectively. 

Fig. 4 shows the trend of OES intensity along the cycle in 

the ON stack process. we observed the intensity decrease 

for each wavelength. Especially, it is significant decreased 

in the shorter wavelengths (below 450 nm) than longer. 

This decrease can be attributed by ray reflection at the 

interface layers. Due to the cyclic deposition, multiple 

interface layers are deposited onto the viewport, and the 

shorter wavelength ray has much bigger reflectance at the 

interface layer. Consequently, the short wavelength shows 

a more significant decrease than longer wavelengths. 

Fig. 5 shows the proper diagnosis case using raw data. 

In Fig. 5 (a), the trend of raw intensity along the deposition 

cycle is shown. We observed that the SiH peak at 414 nm 

remains relatively stable, despite the decrease in N2 related 

peaks at 405 nm and 660 nm. This implies that wave-

lengths above 400 nm are less affected by viewport con-

tamination compared to shorter wavelengths. Moreover, 

the 660 nm peak has a decreasing trend, indicating a 

decrease in the N2 gas ratio in the gas mixture. The 

intensity of the 660 nm peak is related with the N2 ratio. 

Fig. 5 (b) presents the corresponding QMS data. To 

mitigate the effect of data shift, we compared the relative 

values of H2 and N2. The relative value of QMS shows a 

decreasing trend along the cycle, indicating a change in the 

gas mixture ratio. Although we cannot quantify the exact 

amount of change, we believe that the total change in the 

mixture ratio during the cycle is below 5 %. Because the 

change of relative value in the ON stack process is less 

than half compared to the case of a 10 % N2 decrease in 

the single oxide process. Furthermore, SiH peaks in the 

OES data is quite stable. If the N2 ratio had decreased 

significantly, we would expect to observe a corresponding 

change in the SiH intensity. However, since the SiH 

intensity remains relatively stable, it suggests that the N2 

ratio does not undergo a significant decrease during the 

ON stack process. 

Fig. 6 illustrates the data distortion and a case of 

misdiagnosis caused by viewport contamination. In Fig. 6 

(a), we compared the data variation in the ON stack 

process and the single oxide process. the single oxide 

process has same recipe with oxide step in ON stack 

process and just N2 flow rate was variated by 10 %. The 

data from the single oxide deposition process were used as 

reference data for N2 ratio change in the process chamber. 

the OES data from the single oxide deposition process did  
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Fig. 5. (a) The trend of selected OES peaks along the 

deposition cycle and (b) The trend of selected QMS 

AMU along the cycle. 

 

not exhibit any data distortion due to viewport contami-

nation. Although the viewport was coated by oxide during 

the single oxide deposition, this had a negligible effect as 

the intensity because it did not decrease over the process 

time. We observed that the ON stack process has less 

deviation in line ratios compared to the single oxide 

process. This can be attributed to the significant intensity 

decrease of shorter wavelengths by contamination. Fur-

thermore, certain line ratios displayed notable variations, 

such as in the case of ± 10 % N2 variation. It implies that 

the viewport contamination can lead to the data distortion, 

and it can be exaggerating the observed changes beyond 

their actual magnitude. Fig. 6 (b) shows the case of 

misdiagnosis with trend of the line ratio in N2-related peak 

and SiH. The line ratio in this case is lower than that of the 

10 % N2 decreased case (the value of line ratio 1.98). It 

implies the severe process drift, and it suggests a gas ratio 

was changed more than 10 %. But it is not matched with  

 
 

 
Fig. 6. (a) The amount of variation in selected OES peaks 

along the deposition cycle and (b) The relative value 

of OES peaks along the cycle. 

 

QMS result in Fig. 5. In the case of QMS, it is considered 

relatively free from viewport contamination by deposition 

because data is acquired through gas acquisition. We are 

concluded that the process changes of 5 % less to be 

relatively reasonable through the results of QMS and the 

trend of OES raw data. Furthermore, we propose that 

viewport contamination in the ON stack process has the 

potential to cause misdiagnosis. 

 

5. Conclusion 

To assess the potential for misdiagnosis due to data 

distortion, we analyzed the raw data from OES and QMS. 

The conclusion is that OES indicators exhibit changes of 

over 10% in the gas ratio, whereas RGA indicators show 

changes of 5% or less in the gas ratio. This difference is 

attributed to the decrease of OES intensity in short-range 
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wavelengths, specifically 400 nm and below. As men-

tioned earlier, the intensity of each wavelength decreases 

to varying degrees due to the multiple interfaces on the 

viewport, leading to the distortion of OES data. The 

intensity decrease is particularly severe in wavelengths of 

400 nm and below. 

This poses a significant concern for diagnostic techni-

ques, considering that many OES-based diagnostic met-

hods rely on the line ratio method using selected peaks. 

Such distortions have the potential to undermine the 

reliability of process diagnosis and increase the risk of 

misdiagnosis. Therefore, it is crucial to handle OES raw 

data carefully for accurate process diagnosis in the ON 

stack process. We emphasize the potential for misdiag-

nosis when the influence of viewport contamination is 

ignored. 
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