MULTI-GATE BCAT
STRUCTURE

for reducing GIDL
in DRAM
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Multi-gate BCAT Structure and Select Word-line
Driver in DRAM for Reduction of GIDL

Chang Young Lim

| University
Gangneung, South Koren
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Abstract— In this artide, we evaluate gate induced drain
lenkage that affects the refresh time of buried cell array transistor
DRAM cells. We proposed 2 multi-gate BCAT structure to
minimize gate induced drain lenkage and modified the select word-
line circuit to operate multi-gate buried cell array transistor by
adding only ene PMOS. In the multi-gate structure, by changing
the gate voltage, the work function of the metal gate was adjusted
to effe 1y mitigate the electric field formed in the drain region

by approximately four orders. As an adopting multi-gate structure,

band to band tunneling is suppressed and gate induced drain
leankage current is reduced. We verified that the dual-gate
structure had less leakage current than the poly-Si BCAT using
the TCAD simulation. The reduction of leakage according to the
number of gates is inferred by confirming the reduction in GIDL
of the three-gate structure compared with the dual-gate structure.
Furthermore, the SPICE simulation confirmed that the proposed
select word-line circuit transmits different optimized voltages to
multiple gates when it is off than while transferring the same
voltage when on. This structure can also be extended for
application to other DRAM structures, such as the vertical
structure and 3D-stacked DRAMs.

Keywords— Refresh time, gate induced drain leakage (GIDL),
buried cell array transistor (BCAT), select word-line driver (SWD)

L. INTRODUCTION

Dynamic random access memo M), which is used as

a main memory device, g
transistor. data advances, demands for high-stor:
-performance memory in DRAM has increas

y. DRAM manufacturing process technology has

mance and high-

sults in poorer performanc
reliability issues in D ause : in the |
current. To solve this problem, the cell transistor i

from the planar to a buried cell array transistor (BCAT) structure,

which has a buried gate for suppressing the leakage current by
extending the effective glunm.l length [4-7]. Punch through and
DIBL were suppressed using the BCAT structure, but the gate
induced drain leakage (GIDL) was not. GIDL is a tunnel
effect that occurs mainly in regions where the drain and gate
overlap. It occurs when the band gap is thinned owi

abrupt voltage difference between the drain and the gate in the

Min-Woo Kwon

Engineering

mwkwon/@gwnu.ac kr

off state. The oxide thickness has been wnunuuuxl\ d;\u.mnu

influenced by GIDL ['J] To prevent mnneli
reduce the electric field formed in the drain r

\\huh is a type of mult

up and down. The upper . xc{cn\:d to as the hump

gate), adjusts the work-function (WF) of the gate by applying an
appropriate voltage that is different from the lower

therefore, the clectric field formed in the drain r
alleviated. To operate the dual-gate BCAT, two SWD circuits
are required that apply different voltages to the two gates. Here,
we present a circuit that operates by adding only one PMOS to
the conventional SWD circuit.

The multi-gate BCAT structure and proposed SWD circuit
were verifie "AD ¢ ICE simulations.

1. DEVICE STRUCTURE AND SIMULATION SETUP
A simulation was performed considering the terminologies
and parameters of the BCAT structure at the 1y-nm technology
nodes. The depth of the gate trench was 150 nm, the
thickness along the sidewall of the trench was 8 nm, and the
bottom of the trench was 5 nm. The drain/source doping depth
was 56 nm. To evaluate the GIDL, we applied 4 V to the drain

CD: Critical dimension (4Sam)
2 Source width (45nm)

Ly: Drain width (450m)

Dy gzt BOAT depth (150nm)

D: Junction depth (S6nm)

Dgg: B-gate depth (44nm)

D gz Control Gate depth (45am)
1 Gate oxide : side wall Sam
; bottom Snm

Bouly doping : 1 % 10" (boron)
Fig. 1. 2.D view of dual-gate BCAT structure.
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LTCC based Multi-stage
Hybrid Low Noise Amplifiers
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33

#include <OneWire.h>
#include <sortwareserial.h>

const int tempSensor3 = 4;
const int tempSensor4 = 5;
const int buzzer3 = 6;
const int buzzers = 7;
const int ledup3 = 8;
const int ledbown3 = 9;
const int ledupa = 10;
const int ledDownd = 11;
const int fanA3 = Ae;
const int fanB3 = Al;
const int fanA4 = A2;
const int fanB4 = A3;
const int fireTemperature = 70;

Onelire oneWire3(tempSensor3);
Onelire oneWire4(tempSensor4);

DallasTemperature tSensor3(&oneWire3);
DallasTemperature tSensor4(&oneWires);

r

byte fireFloor[2] = {0,};
float temp3, temp4;

void setup() {
pinMode(buzzer3, OUTPUT);
pinMode(buzzer4, OUTPUT);
pinMode(ledUp3, OUTPUT);

34
35
36
37
38
39
40
41
42
43

46

pinMode(ledDown3, OUTPUT);
pinMode(ledupa, OUTPUT);
pinMode(ledDown4, OUTPUT);
pinMode(fanA3, OUTPUT);
pinMode(fanB3, OUTPUT);
pinMode(fanA4, OUTPUT);
pinMode(fanB4, OUTPUT)

)

5
swSerial.begin(9600);

tSensor3.begin();
tSensord.begin();

}

tSensor3.requestTemperatures();
tSensord.requestTemperatures();
temp3 = tSensor3.getTempCByIndex(0);
temp4 = tSensor.getTempCByIndex(0);

if (swSerial.available())

{

fireFloor[@] = swSerial.parseInt();

if(fireFloor[@]!=0)
{
SRR (Fire: ");
Serial.println(fireFloor[@]);
fireFirstSecondFloor();
}
}

8
8
87
88
9

oo

91
92
93
9%
9
%
97
%8

}

fireCommon();
if (temp3>fireTemperature)

firerloor[1]=3
firethirdrloor();

}

Ton dflFamas Tt

firerloor[1]=4;
fireForthFloor();
}
swSerial.print(firerloor[1]);
Serial.printIn("Fire!!");

if (fireFloor[0]==0 & firerloor[1]==0)

nofire();

void fireCommon()

{

}

tone(buzzer3, 440);
tone(buzzerd, 440);
delay(500);
noTone(buzzer3);
noTone(buzzers);

void noFire()

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

noTone(buzzer3);
noTone(buzzer4);

digitalWrite(fanA3, LOW);
digitalWrite(fanB3, LOW);
digitalWrite(ledDown3, LOW);
digitalWrite(ledup3, LOW);
digitalWrite(fanA4, LOW);
digitalWrite(fanB4, LOW);
digitalWrite(ledDownd, LOW);
digitalurite(ledup4, LOW);

pemid Lleariaoi~ -1 )

// 3Z fan on
digitalWrite(fanA3, HIGH);
digitalWrite(fanB3, LOW);
/] 4Z fan on
digitalWrite(fanA4, HIGH);
digitalWrite(fanB4, LOW);

/1 3% led 4222
digitalWrite(ledDown3, LOW);
digitalWrite(ledup3, HIGH);
/] 4Z led SHCZE
digitalWrite(ledDown4, LOW);
digitalirite(ledup4, HIGH);

oL .o )

131
132
133
134
135

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

/] 3Z fan off
digitalurite(fanA3, LOW);
digitalWirite(fanB3, LOW);
/] 4= fan on
digitalurite(fanAd, HIGH);
digitalurite(fansa, LOW);

/] 3% led 2292
digitalurite(ledDown3, HIGH);
digitalurite(ledup3, LOW);
/] 4% led 24CZ
digitallirite(ledDownd, LOW);
digitalurite(ledup4, HIGH);

void fireForthFloor()

{ =
/] 3= fan on
digitallirite(fanA3, HIGH);
digitalurite(fans3, LOW);
/] 4= fan off
digitalurite(fanad, LOW);
digitalurite(fansa, LOW);

/1 3% led 22°%
digitalurite(ledDown3, HIGH);
digitalurite(ledup3, LOW);

/] 4Z led 3222

digitalurite(ledDownd, HIGH);

digitalurite(ledups, LOW);
M/
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