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Abstract—We investigates the pass gate effect, a type 

of adjacent cell interference, through TCAD 

simulations of a typical DRAM structure at the 1y-nm 

technology node. Our results show that the pass gate 

effect is highly dependent on several factors, 

including the geometrical distance, the ratio between 

oxide and active silicon, and the oxide trap density at 

shallow trench isolation. To explain the pass gate 

effect, we used energy band diagrams and analyzed 

its tendencies in various environments. Based on our 

analysis results, we propose and optimize a spherical 

shallow trench isolation structure. Our analysis 

results convincingly demonstrate that the proposed 

structure is effective in mitigating the pass gate effect 

compared to typical structures.

Index Terms—Pass gate effect (PGE), DRAM, BCAT, 

shallow trench isolation (STI)

I. INTRODUCTION

The dynamic random-access memory (DRAM) cell 

consists of one access transistor and one capacitor 

(1T1C). Precisely, the 1T1C structure provides high 

performance and high reliability. Meanwhile, the present 

growth of artificial intelligence, high-performance 

computers, and big data industries requires more data to 

be processed in DRAM. To satisfy requirements such as 

high operation speed, density, and power efficiency, the 

DRAM has been developed via a down-scale approach. 

However, as the down-scaling progresses, the refresh 

time decreases due to an increase in leakage currents that 

are such a gate induced drain leakage (GIDL), gate 

induced junction leakage (GIJL), pass gate effect (PGE), 

and 1-row hammer [1-7]. Further, when the technology 

node of the DRAM is above 20 nm, the effects of the 

GIDL and GIJL, owing to band to band tunneling, under 

the gate region are critical. Then, when the technology 

node is less than 20 nm, the distance between adjacent 

cell devices is extremely short, which results in a 

significant increase in the adjacent cell interference 

characteristics. The interference between adjacent cells is 

causing PGE and 1-row hammer. Specifically, the PGE 

and 1-row hammer which occur because of the 

decreasing word line (WL to WL) distance, become more 

critical problems than GIDL and GIJL in the DRAM. 

Nevertheless, the error cell generated by GIDL and GIJL 

are fixed by incorporating error correcting code (ECC) 

[8-10]. However, since PGE and 1-row hammer cause 

simultaneous error bits in one word line (WL), fixing 

with an ECC becomes difficult. Therefore, to avoid 

interferences between adjacent cells, it is important to 

reduce the PGE in recent DRAM technology.

In this study, we propose a spherical shallow trench 

isolation (STI) structure that located at STI surface to 

reduce for PGE. The spherical STI structure was verified 

using TCAD. We measured PGE according to spherical 

STI location and radius for optimizing structure. As a 

result, we found that optimized location and as radius 

increased, the PGE was decreased. Furthermore, PGE 

was analyzed according to the trap density formed on the 

STI surface in our proposed structure. As trap density 

was high, the PGE was reduced. On the other hand, trap 
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density was important parameter for PGE. So, to 

organize, we investigated many important parameters for 

PGE to optimize the structure proposed with spherical 

STI.

II. DRAM STRUCTURE AND SIMULATION 

CONDITION 

Fig. 1(a) (6F2 DRAM) shows the layout of the DRAM 

in the unit array area, which is presently widely used. 

More precisely, the DRAM structure comprises one 

common bit line, two buried silicon active word lines 

(AWL), and a saddle fin (Fig. 1(b)). Fig. 2 shows the 

half-cross view of the DRAM cell we constructed a 

structure which the field pass-word line (FPWL) outside 

the cell was added to measure the PGE. In addition, 

dimensions are close to the typical DRAM cell 

technology node 1y and the corresponding simulation 

conditions (Table 1). Specifically, when the FPWL is in 

the “turn-off” state and the turn-on state, the threshold 

voltage (Vth) value is measured, and the two Vth

differences are defined by the PGE.

III. SIMULATION RESULTS 

Fig. 3 shows the energy band of the victim cell 

according to the FPWL voltage. Specifically, the electric 

field created by the FPWL voltage affects the active 

channel region. As a results, energy barrier of the victim 

cell is lowered by the electric field, because the threshold 

voltage (Vth) is reduced. When a leakage current occurs 

due to a decrease in Vth, the stored data in the capacitor 

disappears because of the sub-threshold current. In 

particular, the occurrence of PGE causes data loss. It is 

important to prevent data loss in DRAM since it is, the 

Fig. 1. (a) Diagram of 6F2 DRAM array top view and relative 
position of field pass gate and victim cells; (b) 3D BCAT 
structure cross view which used for transistor simulation.

Fig. 2. Cross half section of 2D BCAT structure.

Table 1. Structure condition and simulation condition

Structure condition Simulation condition

Region [nm] Region Voltage [V]

Gate oxide thickness
side/bottom (Tox_side/Tox_bot)

8/6 BL voltage 1

Silicon active width (Wsi) 23
Silicon active
WL voltage

(Von/Voff)
3/-0.2

Shallow trench isolation 
width (WSTI)

28
Field Pass WL

voltage
(Von/Voff)

3/-0.2

World line width
(WAWL, WFPWL)

12

Fin depth
(DFin)

20

Substrate
voltage

-0.6

Fig. 3. The simulation results of 2D BCAT structure: band 
diagram along the red dashed cut lines in Fig. 2.
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main storage device.

To facilitate quantification and comparison, it is 

necessary to define the PGE before analyzing it. Fig. 4 

demonstrates the relationship between the on/off states of 

the FPWL and AWL Vth in the IdVg curve of the BCAT 

structure. In this study, we define the PGE as Vth

difference of the victim cell extracted by constant current 

method at the point of 10-7 current.

In this work, we altered various dimensions to find out 

the important influence of the DRAM structure on the 

PGE and consequently interpreted PGE via geometric 

analysis. More specifically, as the physical distance 

between the AWL and FPWL increased, the PGE 

received by the victim cell decreased. Furthermore, the 

thinner the gate oxide thickness bottom, the better the 

channel control, which reduces the interference of the 

pass gate voltage (Fig. 5). Additionally, as the physical 

distance between the AWL and the FPWL increased, the 

PGE received by the victim cell decreased.

From another perspective, the more the channel was 

affected by the AWL voltage, the less the PGE. 

Furthermore, the PGE according to STI width and silicon 

active width were measured. (Fig. 6 and 7) STI width is a 

more critical variable than silicon active width. 

However, in general, the physical distance between the 

AWL and FPWL cannot be increased because the cell 

size of the DRAM cannot be expanded. In addition, the 

thickness of the AWL bottom oxide thickness is limited. 

Thus, we should reduce the PGE with fixed distances.

Fig. 4. The simulation results of 2D BCAT structure: IdVg

curve. We defined the voltage difference at the point of 10-7

current as PGE.

Fig. 5. Measure PGE while modifying gate oxide thickness 
bottom.

Fig. 6. Measure PGE while modifying silicon active width.

Fig. 7. Measure PGE while modifying STI width.
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IV. OPTIMIZING THE PGE ACCORDING TO 

DIMENSION

We measured the PGE according to the occupied 

Tox,side and WAWL while maintaining a fixed distance 

between BL and drain. Fig. 8 shows the PGE according 

to the length of Tox,side The thinner the Tox,side, the more 

fully the AWL voltage is applied to the channel region. 

The influence of FWPL voltage on the channel is reduced. 

Therefore, when Tox,side decreased reduces PGE. 

Furthermore, we measured PGE according to the 

occupied Wsi and Wox while maintaining a fixed distance 

between AWL and FPWL. Specifically, the PGE 

decreases as Wsi increases (Fig. 9). Further, Silicon and 

SiO2 have different permittivity. Therefore, as the ratio of 

SiO2 with a large dielectric constant increase, the 

capacitance at between AWL and FPWL increases. As a 

result, the effect of the FWPL voltage decreases.

We verified the tendency of PGE measured through 

the equivalent circuit of MOSFET. Fig. 10(a) shows the 

PGE relation formula derived through the equivalent 

circuit and equivalent circuit of MOSFET. Through the 

division capacitance formula, we calculated net voltage. 

PGE is proportional to the voltage applied between Tox

and Csi. The tendency of PGE according to Wsi was 

identified. As a results, we confirmed the same tendency 

of PGE according to Wsi as measured through 

experiments (Fig. 10(b)).

V. PROPOSE SPHERICAL STI STRUCTURE

If the ratio of SiO2 to silicon, between AWL and 

FPWL is high PGE can be reduced. However, there is a 

limit to increasing SiO2. Further, as the area of silicon 

decreases, the contact resistance of the metal line, in 

contact with silicon, increases. More specifically, we 

propose to add a physical STI structure to overcome the 

limitations (Fig. 11). Particularly, by adding the spherical 

STI structure, the metal line contact resistance is reduced, 

Fig. 8. PGE was measured while varying the ratio of TOX,side

and WAWL: Fix physical distance of BCAT width.

Fig. 9. PGE was measured as varying the ratio of WSi and Wox: 
Fix physical distance of active width.

Fig. 10. (a) A mathematical formula of total capacitance and 
Equivalent Circuit; (b) PGE tradeoff between Wsi and Wox.

Fig. 11. Spherical STI 2D BCAT structure.
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and the ratio occupied by SiO2 is increased. Fig. 12 

depicts the fabrication process used to create the 

spherical STI. Specifically, Fig. 12(a) and (b) 

demonstrate the utilization of dry etching process to 

generate spherical STI at a specific depth on a single 

crystal silicon wafer. The spherical shape is obtained 

through a wet etching process with isotropic 

characteristic. Finally, the desired depth of the STI is 

achieved through the dry etching process (Fig. 12(d)).

Also, we measured PGE according to the structural 

position and radius length to optimize the spherical STI 

structure. Fig. 13 shows the PGE according to the 

spherical STI position. The strength of the E-field created 

by the FWPL voltage was maximum at Depth 175 nm. 

As a result, the PGE was reduced to the lowest by adding 

the spherical STI when the Depth was 175 nm. Fig. 14 

shows the PGE according to the length of the radius. The 

PGE was reduced in proportion to the size of the radius. 

This shows the same tendency as the previous 

experiment. 

VI. PGE BY TRAP DENSITY

Furthermore, we measured the PGE according to the 

trap density of the surface STI, further from our proposed 

spherical STI structure we proposed. In particular, the Vth

varies according to the trap density of the STI surface. So, 

we adjusted the body doping concentration to make it the 

same as the Vth of the previously measured structures. As 

a result, we fully measured PGE according to trap density. 

Fig. 15 shows the change in PGE according to Trap 

Fig. 12. Fabrication of spherical STI on single crystal silicon 
wafer. We adopted a dry-wet-dry etching process while the STI 
process.

Fig. 13. The simulation results of spherical STI 2D BCAT 
structure: PGE according to spherical STI location.

Fig. 14. PGE according to spherical STI radius. The PGE 
decreased as the radius increased.

Fig. 15. PGE according to trap density as spherical STI radius 
is 10 nm. The green zone is the trap area. The PGE was 
measured when the trap density was above a certain level.
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density. More precisely, as the trap density increases, the 

PGE decreases. The electrons captured on the STI 

surface serve as screens to reduce the electric field 

between the FPWL and the AWL. In addition, if the trap 

density increases above a certain level, the PGE hardly 

decreases. Sufficiently captured electrons can extremely 

reduce the voltage interference of FPWL with AWL. 

Therefore, the trap generated on the surface of STI is an 

important variable affecting PGE.

VII. CONCLUSIONS

In this study, we analyzed the pass gate effect (PGE) 

appearing in the dynamic random-access memory 

(DRAM) transistor using the energy band. More 

precisely, to find out the parameters that affect PGE, the 

PGE of tendency was measured while modifying various 

dimensions in the widely adopted buried channel array 

transistor (BCAT) structure. Based on the measured 

results, we proposed a spherical shallow trench isolation 

(STI) structure to reduce PGE while fixing the DRAM 

cell size. Additionally, we optimized the position of the 

spherical STI structure and the length of the radius. 

Furthermore, the trap density was optimized on the STI 

surface to reduce the PGE. In the TCAD simulation, the 

PGE is reduced by approximately 4 orders compared to 

the DRAM BCAT structure currently adopted.
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