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Abstract 
A new Metal Control Gate Last process (MCGL process) 

has been successfully developed for the DC-SF (Dual Control 
gate with Surrounding Floating gate cell)[1] three-dimensional 
(3D) NAND flash memory.  The MCGL process can realize a 
low resistive tungsten (W) metal word-line with high-k IPD, a 
low damage on tunnel oxide/IPD, and a preferable FG shape. 
And also, a conventional bulk erase can be used, replaced 
GIDL erase in BiCS[3][4], due to direct connection between 
channel poly and p-well by the channel contact holes. 
Therefore, by using MCGL process, high performance and 
high reliability of DC-SF cell can be achieved for MLC/TLC 
256Gb/512Gb 3D NAND flash memories.  

Introduction 
The DC-SF cell had been proposed as a potential candidate 

for floating gate (FG) type 3D NAND Flash memory [1][2]. In 
the previous DC-SF cell, there were several critical problems 
as shown in Fig.1(b) ; (1) High word line resistance of the poly 
gate, (2) damage on IPD ONO by the process of FG 
separation, (3) FG field confinement at FG edge during 
programming due to the horn shape FG. And also, there is a 
serious limitation on process/device operation by (4) GIDL 
erase for BiCS or P-BiCS 3D flash memory [3][4]. In this 
paper, we propose a novel MCGL process for DC-SF cell in 
order to overcome the above problems.  

MCGL process 
The MCGL process sequence of the DC-SF cell is described 

in Fig. 2. First, the multiple oxide/nitride layers are deposited 
on N+/p-Si substrate. Next, channel hole is patterned, and FGs 
are formed at oxide recess portion by isotropic poly etching 
(Fig.2 (a)).  Tunnel oxide deposited, and channel contact hole 
is formed by etching through N+ layers to connect substrate 
and channel poly directly (Fig.2(b)).  After channel 
poly-silicon deposition, Gates are patterned (Fig.2(c)).  Then 
stacked silicon nitride has recessed (Fig.2(d)), and high-k IPD 
films are deposited on the FGs.  After that, tungsten (W) film is 
deposited and separated to stacked layers each other, as shown 
in Fig.2(e).  Fig. 3 shows the cross sectional TEM image of the 
DC-SF cell arrays, fabricated by the MCGL process.

In this MCGL process, 1) low word line resistance can be
obtained by gate replacement process (SiN W) [5]. And 2) 
IPD damage of FG separation process can be avoided due to 
IPD deposited after FG/channel-poly formation, in contrast 
with conventional process of ONO IPD before FG 
separation[1].  And also 3) FG field confinement at FG edge 
during programming can be suppressed due to better FG shape 
without IPD deposition before FG formation, as shown in 
Fig.3(b).    

The channel poly silicon can be connected to  p-well 
through the channel contact hole.  Then the conventional bulk 
erase can be used, replaced to GIDL erase of BiCS.  Fig. 4 
shows the simulated dopant distribution results of various 
thermal processes after channel contact formation. The 
connection between the channel poly and P- well can be kept 
by suppressing the arsenic diffusion by lower temperature 
process (Fig. 4(c)). 

Electrical Results 
Fig. 5 shows the Id-Vg characteristics of new DC-SF cells. 

Shorter distance between substrate and lower Select Gate 
(LSG) can obtain a high saturation current by reducing 
parasitic resistance in string. Fig.6 shows the program/erase 
characteristics.  Wide program/erase Vt window of 8V can be 
obtained to be sufficient for the MLC/TLC operation.  

Fig.7 shows the program disturbance of neighbor cell. No Vt 
shift is observed in neighbor cell because Vpass for neighbor 
cell is decreased during program. Fig.8 shows the cell FG-FG 
interference characteristics. Small interference of 30mV/V is 
observed due to W word line shield effect. 

Program/erase cycling characteristics are shown in Fig.9. 
Vth shift after cycling is small, less than 1.3V after 1k cycles. 
Data retention characteristics are shown in Fig. 10. PV3 Vth 
shift of 60mV after 250°C 120 min is small, which is 
comparable with conventional planar FG NAND flash 
characteristics. 

Cell Array 
Fig. 11 describes the DC-SF cell array configuration. In 

order to avoid SL bounce problem during read, SL contact 
need to be 1 contact/128strings.  

Conclusions 
A new Metal Control Gate Last process (MCGL process) of 

DC-SF 3D NAND flash memory has been successfully
developed. Low resistance word line and low damage on
tunnel/IPD can be realized by new metal gate process. As a
result, high performance and high reliability (1K cycles~) can
be achieved. Therefore, DC-SF cell with new MCGL process
integration scheme become a promising candidate for
MLC/TLC 256Gb/512Gb 3DNAND Flash memories.
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    (a) MCGL process           (b) Conventional process 
Fig.1 The DC-SF cell profile comparison (a) MCGL process, (b) 
Conventional process. 

  
Fig. 3 (a) TEM image of DC-SF cell array, (b) detail TEM image of 
the cell showing vertical-FG shape.

 
(a)                                        (b)                                        (c)                                          (d)                                         (e) 

Fig. 2 MCGL process sequence of the DC-SF NAND flash cell arrays. (a) FG formation, (b) channel contact formation, (c) gate patterning, (d) 
nitride recess, (e) high-k IPD deposition and W (CG) formation.

  
Fig. 4 Simulated dopant profiles with various thermal processes after channel contact 
formation. (a) 1000˚ C 20s + 785˚ C 1.5h, (b) 950˚ C 10s + 785˚ C 1.3h, (c) 950˚ C 10s. 
In case of (c), channel poly is connected to p-well directly. 

 
Fig. 5 The Id-Vg characteristics of DC-SF 
cell.

 
Fig. 6 The program / Erase characteristics 
of the DC-SF cell. 

 
Fig. 7 Program disturbance of neighbor cell. 

 
Fig. 8 FG-FG interference effects between 
programmed cell and victim cell.

 
Fig. 9 Program/erase endurance 
characteristics of DC-SF cell. 

 
Fig. 10 Data retention characteristics of 

DC-SF cell after bake of 250˚ C 120min. 

 

 Fig. 11 Birds-eye view of DC-SF cell array. 
SL contact need to be 1 contact/128strings. 
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