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Abstract

In this thesis, a dopingless 1T DRAM with a high retention time is proposed. The high
retention time is achieved by suppressing the diffusion current in the device which is
responsible for degrading the “0” state. In the proposed device, a control gate with an
appropriate workfunction is added in a region adjacent to the source. The control gate
provides the necessary holes that suppress the diffusion current in the “0” state. As a
result, 1/0 read current ratio also increases by 3 orders of magnitude. Furthermore, the
write/hold /read bias conditions of the device and the array topology is designed such that
the proposed DRAM cell can be integrated compactly. Additionally, it is demonstrated

that the DRAM cell operates correctly under various disturb conditions.
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Chapter 1

Introduction

1.1 Motivation

As the technology is scaled down, there is a need to reduce DRAM size. In conventional
1T-1C DRAMSs, capacitor is used as a storage element. However, scaling down capacitor
has severe challenges. To overcome these challenges, 1T DRAM was proposed, which has
built in storage. However, with scaling down of these 1T DRAMSs, new challenges are
posed in fabrication. One of them is random dopant fluctuations (RDF). To tackle this
problem, recently dopingless DRAMs were proposed. However, these proposed devices
have low retention time and designing an array of memories using these proposed devices

is difficult. This work is motivated to solve these problems in dopingless 1T DRAM cells.

1.2 Literature survey

With the increase in demand of the large-capacity memories at low cost, dynamic random
access memory (DRAM) plays an important role in semiconductor industry. Conven-
tionally, 1T-1C DRAMs have been used for data storage consisting of one transistor and
one capacitor. As the technology continued to shrink down with time, a big challenge
faced by manufacturers is to shrink the area of basic memory cell. The major problem is
scaling down the capacitor, for which complicated structures are used to have sufficient
storage [2]. Consequently, capacitor-less single-transistor 1T DRAMs have been proposed

containing the built-in storage mechanism. Such 1T DRAM has less area without the
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need of fabrication of integrated capacitor as compared to 1T-1C DRAM. Initially, MOS-
FETs utilizing body charging effects and capacitance of floating body have been offered to
form the 1T DRAM |3|. Then, several 1T DRAMSs have been evolved with time in order
to meet the technology requirements such as Single-Transistor Charge-Trap DRAM (1T
CT DRAM) and silicon-with-partially-insulating-layer-on-silicon-on-insulator (SISOI) 1T
DRAM [4,5].

Further reducing gate lengths in 1T DRAM brings certain design and fabrication chal-
lenges [6]. One of the major obstructions in device scaling has been due to random dopant
fluctuations (RDF) which is defined as variation in the position and number of dopants

in the source, channel, and drain regions of a transistor |7} 8|.

Recently, a dopingless 1T DRAM having Schottky contact to source/drain regions along
with a raised body has been proposed in which thermionic emissions have been used for the
generation of holes and electrons [9]. It requires a simpler fabrication methodology because
there is no dopant implantation. However, it has a low retention time of 446 ms. Another
dopingless 1T DRAM (DL-DRAM) has been proposed based on charge plasma concept [1].
It employs a misaligned double-gate architecture for storing the charge carriers. Similar
to the above device it has got a low retention time of 70 ms. Furthermore, with the
write/hold /read bias conditions at different terminals reported in [1,/9], it is challenging
to design a memory array. These problems are addressed in this thesis, as explained in

the following chapters.

Some of the terminologies which are used in this thesis are described below:

e Read Time: It is the time required to read a bit i.e. either “0” or “1”.
e Write Time: It denotes the time required to write a bit i.e. either “0” or “1”.

e Current Ratio: It is calculated as the ratio of read “1” current to read “0” current.

It is a parameter that denotes read sensitivity |10].

e Sense Margin: It is given by the difference in read “0” and read “1” currents. For
high read sensitivity, high sense margin is desired which enables the designing of
simpler sensing circuits. Such circuits are used to differentiate the logic states i.e.
whether the bit is “0” or “1”.

e Retention Time: It is defined as a value of hold time at which sense margin value

becomes half of its original one.



1.3 Contribution of this work

The major contribution of this work are as follows:

1. A new design of dopingless DRAM is proposed. In the proposed device, control gate
with a suitable workfunction is introduced. As a result, the retention time of the DRAM

is considerably improved and the current ratio improved by 3 orders of magnitude.

2. The bias conditions for write/hold/read operations at different terminals are chosen

such that the memory array can be designed in a compact manner.

3. It is demonstrated using simulations that the proposed device operates correctly under

various disturb conditions.

1.4 Thesis Organization

The thesis is organized as follows:

e Chapter 2: Device Proposed
This chapter proposes a new dopingless DRAM with a control gate such that the

retention time is appreciably improved.

e Chapter 3: Memory Array Design
This chapter describes the array design of DRAM implemented using proposed

device and investigates various disturb conditions.

e Chapter 4: Conclusion

This chapter concludes the whole thesis and discusses scope for future work.



Chapter 2

Device Proposed

2.1 Device structure and simulation models

VBG

Figure 2.1: Cross-sectional view of the proposed device

The proposed device is shown in Fig. with all the device parameters are mentioned in
Table It has a thin film of intrinsic silicon. The thickness of silicon film t,; is smaller
than the limit of Debye Length i.e. Lp = 1/€V;/qN, where V; denotes the thermal voltage,



e denotes the dielectric constant of silicon, and N represents carrier concentration in the
silicon body [11].

Table 2.1: Device parameters used in simulation of proposed device

Parameter Value

Silicon film thickness (t;) 10 nm

Gate oxide thickness (t,) 3 nm

control gate oxide thickness (f,;—cg) 3 nm
Back-gate/Front-gatel length (Ly,/Ly42) 100 nm
Front-gate2 workfunction (¢y42) 417 eV
Back-gate workfunction (¢p,) 5.25 eV

Gap between front-gate2 and control-gate (L.s2) || 15 nm

Gap between back-gate and front-gatel (Lys;) 10 nm

Gap between drain and front-gatel (Lgs) 10 nm
Gap between source and control-gate (L) 10 nm
Front-gatel workfunction (¢41) 3.9 eV
Control-gate workfunction (¢yc,) 5.93 eV

Front-gatel /Control-gate Length (Lfg1/Lyc,) 50 nm

The proposed device uses two misaligned gates as used in [1], one at the bottom (back-
gate), and other at top (frontgate2). The cross-sectional view of the misaligned gate
structure of the dopingless DRAM proposed in [1] is shown in Fig. with the device
parameters mentioned in Table 2.2] For the proposed device, the workfunction of the
control gate is taken as 5.93 eV and the workfunction of source is taken as 3.9 eV. The
workfunction of 5.93 eV and 3.9 eV can be obtained by using Platinum and Hafnium,
respectively [12]. The workfunction of backgate and frontgate2 are taken as 5.25 eV and
4.17 eV, respectively. These workfunctions can be achieved by p™ poly and n™ poly [13].
The workfunctions of source, drain and frontgatel are taken as 3.9 eV. The workfunctions
are chosen such that regions of required hole and electron concentrations are obtained in
the intrinsic silicon. The regions with higher workfunction (RB and RC shown in Fig.
are hole-rich, while regions with lower workfunction (R1 and R2 shown in Fig.

are electron-rich.



ox-d

OX-S

si

VBG

Figure 2.2: Cross-sectional view of the dopingless DRAM proposed in

Table 2.2: Device parameters used in simulation of dopingless DRAM proposed in

Parameter Value

Silicon film thickness (t;) 10 nm

Gate oxide thickness (tgqzc) 3 nm
Back-gate/Front-gate length (Ly,/Ly,) 100 nm
Front-gate workfunction (¢y,) 417 eV
Back-gate workfunction (¢p,) 5.25 eV
Drain—substrate oxide thickness (f,;_q) 3 nm
Source—substrate oxide thickness (Z,,_s) 0.5 nm
Gap between front-gate and source (L) 15 nm
Gap between back-gate and drain (Lgyg) 10 nm
Drain workfunction (¢g4) 3.9 eV

Source workfunction (¢y) 3.9-5.93 eV

Source/Drain Length (Ls/Lg) 50 nm

All the simulations in this work are performed using Silvaco ATLAS version 5.22.1.R.
This tool is used in two-dimensional mode keeping width as 1 pm which is the default
value [12]. Voltage boundary conditions are used at the contacts whose electrical charac-
teristics are determined by their corresponding workfunctions [12}[14]. Lombardi mobility
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model is also included to estimate the variations in mobility occurred due to electric field

and concentration. Non-local BTBT model is also integrated, which is responsible for

tunneling phenomenon noted in various operation modes. A Shockley-Read Hall (SRH)

recombination model is also used, which is dependent on concentration [14]. The tunnel-

ing model is calibrated by reproducing the results presented in [12| and also validated by

simulation model using the results presented in [15].

2.2 Operating mechanism

The bias conditions for various operations at different terminals of the proposed device are

shown in Table 2.3l The mechanism of writing and reading are described in the following

paragraphs.
Table 2.3: Bias conditions at different terminals
Operation | Ve (V) || Vb / Va1 / Vea2(V) || Vs/Vee (V)
Write “0” 0 -1.1 0
Write “1” -1.5 1.2 0
Read 1.5 0
Hold -1 0 0

2.2.1 Write operation

The mechanism of writing “1” and “0” is explained below. The write time

50 ns in this work [1].

is taken as
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Figure 2.3: Write “1” operation (a) Potential profile at equilibrium and write “1”. Potential well
is formed by write “1” operation (b) Conduction and Valance band aligned on both sides of RB
region to allow BTBT during write “1” operation (c¢) Hole concentration in equilibrium and after
write “1” operation.

The write “17 is performed by applying Vp = 1.2 V, Ve = 1.2V, Vege = 1.2 V, Vg
=-15V, Veg = 0V, and Vs = 0 V. The negative potential at the backgate and the
positive potential at the drain and the frontgates (FG1 and FG2) result in a potential
well in RB region enclosed by the two reverse-biased junctions on both the sides, as shown
in Fig. [2.3(a). Due to sharp bending of the conduction band and valance band as shown
in Fig. 2.3|(b), there is an overlap in the energy bands resulting in BTBT. The BTBT
causes tunneling of electrons out of the potential well to the drain and the frontgate
(FG1 and FG2) regions and accumulation of the holes inside the potential well. The hole
concentration increases from 5.6x10'7 /em? to 1.68x10' /cm? (concentration taken 1nm
above the backgate in silicon), after write “1” cycle as shown in Fig. [2.3(c). There is also
an increase in the electron concentration in the region RC because of the expelled out

electrons from the region R1.
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Figure 2.4: Hole concentration in equilibrium and after write “0”

Write “0” is done by applying Vp = -1.1 V, Vgg =0V, Vegy =-1.1 V, Vpge = -1.1 V,
Vee = 0V, and Vg = 0 V. The negative potential on the drain, FG1, and FG2 disperses
holes from the backgate region to the drain, R1, and R2 regions. The hole concentration
decreases from 5.6x 1017 /em? to 9.6x 10 /em? (concentration is observed 1nm above the
back gate in silicon) after write “0” cycle as shown in Fig. 2.4 Furthermore, the potential
inside the region R1, RB, R2 and near the drain becomes almost the same. This results

in the uniform distribution of holes across these regions.

2.2.2 Hold operation

Once the write operation is done, the device has a different hole and electron concentration
after write “1” and after write “0”. This concentration difference needs to be maintained
as long as possible such that during read operation “0” and “1” can be differentiated. Once
the hold bias is applied, state “1” ( holes captured in region RB) starts to degrade to state
“0” (holes escape out from the region RB). Similarly, the state “0” (hole removed from
the region RB) starts to degrade to state “1” (concentration of holes start increasing in
the region RB). The hold conditions are needed to be chosen such that the process of
degradation becomes slow. The bias for hold, in this case, is taken to favor the retention
of holes in the state “1”. After hold of 175 s, the hole concentration in the state “1”
decreases from 1.7x10'%/em3 to 1.4x10' /em?, while the hole concentration in the state

“0” increases from 9.6x10'®/cm? to 1.2x10'/em3. Under this condition, the difference



between read “1” and read “0” current reduces to 94 pA (which is half of the orignal
difference of 187 pA). Therefore, the retention time of the proposed device is taken as
175 s.

2.2.3 Read operation

Read operation is carried out by applying Vp =1V, Vrg1i = 1V, Vrge = 1 V followed by
Vee = 1.5 V. The voltage at the other terminals V¢ and Vg are kept at ground. The read
time is taken 50ns [1]. The device behaviour under read “1” and read “0” are described

below.

Read “17:

In the read operation the voltages Vp, Vig1, Vrge are changed to 1 V. As a result there
is negligible change in the electron and hole concentration in the device that was estab-
lished after writing. Thereafter, a positive backgate voltage of 1.5 V is applied. The
positive voltage at the drain, FG1, and backgate pushes holes (which are in high con-
centration in the region RB) towards the source. The hole concentration in the region
RC (which is below the control gate) is low enough to allow the diffusion of holes from
the region RB (above backgate). The diffusion current is the major component of read
“1” current. The excess holes coming from the RB region increase recombination rate
and moves recombination center towards the source where the electron concentration is
9.5x10'"/em? (1 nm in silicon from source). The recombination rate after 50 ns of read
operation is 1.7x10% /cm3s. The electrons are in high concentration near the source and
R2 region, which drift /diffuse towards the drain and backgate region making the electrons

redistribute all over the device.

Read “0:

In the read “0” operation, voltages Vp, Vra1, Vrge are changed to 1 V. The region RB
(above the backgate) has less hole concentration after write “0” compared to write “1”.
Therefore, when the positive backgate voltage is applied, there is less diffusion of holes
from the region RB towards the drain, R1, and R2 regions. During read “0”, the compara-

ble hole concentrations in the region RC and the region RB leads to negligible diffusion of
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holes towards the source. This keeps the transistor in the OFF condition during read “0”.
A very small current flows due to the recombination of holes and electrons between the
regions RB and R2 and band to band tunneling (BTBT) at the junction of regions R2 and

RC. The recombination rate is very low (9.5x10'/em3s) after 50 ns of read operation.

2.3 Device characteristics

The most salient feature of the proposed device is the control gate. In this work, the

impact of control gate on the device characteristics is investigated in detail.

2.3.1 Effect of workfunction

The performance of the proposed device is highly dominated by workfunction. The source
and control gate workfunctions are chosen such that state “1” gives high read current, while

the read current of state “0” is suppressed.

Source workfunction:

1 @) Ho ®
= 10 =
5 2 0.6-'-'—"‘""\
3 102 S
g . S 0.4 —
A 10t a

0.2
100 T T T T T T T T T
3.5 4.0 4.5 5.0 5.5 3.5 40 45 5.0 5.5
Work function (eV) Work function (eV)

Figure 2.5: Effect of source workfunction is shown for (a) read “1” current and (b) read “0”
current

Read “1”:  The source workfunction is varied from 3.5eV to 5.93eV, as shown in Fig.
2.5(a). As the workfunction of the source is increased, the electron concentration starts

to decrease and the hole concentration starts to increase between the region RC and the
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source. The diffusion current (the major current component during read “1”) is actually
due to very low concentration of holes in between the region RC and the source. As the
workfunction increases, the hole concentration starts to increase near the source, which in
turn starts degrading the diffusion current. This reduces the diffusion current drastically,
as a result, the total read “1” current also decreases greatly. As the source workfunction
is increased further, the hole concentration from the region RC to the source increases.
As the region R2 has a high electron concentration, the band bending at the junction

between the regions R2 and RC starts to increase and more BTBT occurs at the junction.

Read “0”: For the read “0” operation, there is negligible variation in the drain current
with the change in the workfunction of the source, as shown in Fig[2.5(b). As the diffusion
of holes is already negligible during read “0”, there is not much effect of change in the

source workfunction.

Control gate workfunction:

230 (a) 10°1 (b)
3 3
= 2201 = 101
=} =
g E ]
5 2101 5 10721
= = ]
‘E 200 g —
a a 107
190
: . r : . 1004 v r : r
35 40 45 50 55 35 40 45 50 55
Work function (eV) Work function (eV)

Figure 2.6: Effect of control gate workfunction is shown for (a) read “1” current and (b) read “0”
current

Read “1”: In read “1”, as the workfunction of the control gate is increased there is
almost continuous decrease in the drain current, as shown in Fig. 2.6|(a). However, there
is no change in the order of magnitude of the read “1” current. As the workfunction of
the control gate increases, there is an increase in the hole concentration in the region RC.
As a result the diffusion current is suppressed. However, this concentration is not high

enough to suppress the drain current to a large extent.

12



Read “0”: Fig. [2.6[b) shows drain current variation with varying control gate work-
function for read “0”. In the state “0”, there is a low concentration of hole in the region RB.
When the workfunction of the control gate is less then 4eV, there is a high concentration of
electrons and a low concentration holes from the region from R2 to the source. This helps
in diffusion of holes towards the source to give diffusion current in micro amperes. As
the workfunction is further increased upto 5eV, the increase in hole concentration in the
region RC suppresses the diffusion current. This decreases the drain current drastically.
As the workfunction is increased further, there is more band bending at the junction of

region R2 and RC, resulting in a small increase in current due to BTBT.

2.3.2 Effect of control gate voltage (Vo)

The control gate voltage(Vee) is varied from -1.5 V to 1.5 V in the read operation while
keeping all other voltages as mentioned before. The effect of Vg for read “1” and read

“0” is discussed below.

[\
N
(=)

@, - ®)

)
=
S
)
S
.

<

—
o
o

120+

Drain Current (1LA)
>
(e

Drain Current (p

-,
\l\.—.—.\. \/
1074

215 -1.0 05 00 05 1.0 15 215 -1.0 05 00 05 1.0 15
Control Gate Voltage (V) Control Gate Voltage (V)

80

Figure 2.7: Effect of control gate voltage (Vo) is shown for (a) read “1” current (b) read “0”
current

Read “1”:  Fig. 2.7|(a) shows that as control gate voltage increases from -1.5 V to 1.5
V, the drain current also increases, but remains in same order of magnitude. The effect of
negative voltage on the control gate is observed to be same as increasing the workfunction
of the control gate. As the voltage of control gate becomes more negative, holes starts
to accumulate in the region RC. This suppresses the diffusion current. Similarly, as the

control gate voltage is changed towards positive voltage, more holes are expelled from the

13



region RC. As the hole concentration in the region RC decreases, the diffusion current

ncreases.

Read “0”: In read “0”, when the control gate voltage is varied from -1.5 V to 1 V,
there is a negligible change in the drain current. However, for voltage greater then 1 V,
drain current starts to rise suddenly as shown in Fig. [2.7(b). This sudden rise is due
to the applied high positive voltage removing accumulated holes and decreasing the hole

concentration to such a level that it is no longer able to suppress the diffusion current.

2.4 Comparison with other dopingless 1T DRAMs

The comparison of the key figures of merit of the proposed device with the dopingless
1T DRAM proposed in literature is shown in Table [2.4] Clearly, the retention time has

increased by order of magnitude.

Table 2.4: Comparison of figures of merit of dopingless DRAMs

S. No. || Reference || Retention time || Sense margin || Current Ratio
1 9] 466 ms 28.7 uA NA
2 1] 70 ms 169 pA 3
3 This work 175 s 187 uA 103

14



Chapter 3

Memory Array Design

3.1 Device connections

Table 3.1: Bias during different operations at different terminals

Operation | Vg (V) || Vb / Vic1 / Via2(V) || Vs/Vea (V)
Write “0” 0 -1.1 0
Write “17 -1.5 1.2 0

Read 1.5 1 0
Hold -1 0 0
BL GND
| l
L |
Si0:

—r

Drain
Source}
]

WL

Figure 3.1: Device connections for memory array design (BL connected to the drain, FG1 and
FG2. Back gate connected to WL. The source and CG are grounded.)
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Bias during different operations at different terminals for the proposed device are given in
Table For the array design, the backgate terminal is connected to the word line (WL)
and the drain, FG1, and FG2 are connected to the bit line (BL), as shown in Fig. The
source and CG are always grounded. Thus, the number of external connections required
for connecting the proposed cell in an array reduces to three. It is worthy to point out
that the number of external connections required for dopingless DRAMs proposed in 1]
is four, as can be inferred from Table [3.2]

Table 3.2: Bias during different operations at different terminals for the device proposed in |1]

Operation || Vig(V) || Vaa(V) || Vb(V) || Vs(V)
Write “0” 0 3 0 0
Write “17 0 -3 0 0

Read 2 1.1 1 0
Hold 0 -0.8 0 0

Furthermore, designing an array with the bias scheme presented in [1] is challenging. From
Table [3.2] it can be noted that the bias of only one terminal (Vp¢) is varied for writing “1”
and writing “0”. This makes the selection of a particular cell in an array difficult, during

the write operation.

A similar problem exits in the bias scheme used for dopingless DRAM in [9]. Though, the
drain voltage during write “0” is not specified in [9], the problem exits if it is taken as 0
Vor 1V (these two are the possible voltages that can be used). In either case, we cannot
select a particular cell that needs to be written by different values or are differentiated

from the cells that are in hold mode.

For the proposed device the bias scheme are carefully chosen (as shown in table
to allow easy integration of cells in the form of an array. The write mechanism of the
proposed device depends on the two voltage lines which allows a particular cell to be
selected using BL. and WL. The hold bias condition is selected such that it does not

conflict with the read/write bias conditions.
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3.2 Transient analysis

Drain Current (LA)
S 5 3 =

-Wr "0' H()ld "0" Wr lllll H(]ld Hl"

101
1

0-14- . . . . . . r
0 60 120 180 240 300 360 420
Transient time (ns)

Figure 3.2: Transient analysis showing write /hold /read operations for “0” and “1” state

In a DRAM, bit is written into the memory cell, then the memory cell is taken to the hold
state until the data needs to be read. To demonstrate this situation, transient analysis
is done for these operations in the sequence of write, hold and read for both “0” and “1”
states, as shown in Fig. [3.2] At first “0” is written, then it is held for 100ns. After that,
value is read from the cell and “1” is written on it. This “1” state is held for 100ns, then
read is performed again. The difference between the read “0” current and the read “1”
current is found to be 186.7 uA. This demonstrates that the proposed memory cell can

correctly perform write, hold and read operations in sequence.

3.3 Analysis under disturb conditions

While writing or reading a particular cell, stored data on other cells sharing the same WL
or BL may also get affected. The change in the stored data due to this disturbance from
“1” to “0” is called “0” disturb and from “0” to “1” is called “1” disturb [16]. The bias of
the WL and the BL for the worst case disturb conditions are shown in Table 3.3
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Table 3.3: “0” and “1” worst disturb conditions

“1” disturb “0” Disturb
Cell A B C D| E
Viwr(V) || -1 || -1.5 || -1 [ 0| 15
Ver(V) || 12| 0 | -1.1][ 0| O
3.3.1 “1” Disturb
BL BL
Target Cell ? Vic=-15V
" <‘1\; Ppos
Write“1” [ 1
o Vec=-1V
w—r 1T
Al ; ]
Vo=12V [RET el Vo=0V =

Figure 3.3: Write “1” on target cell creating “1” disturb condition for A and B cells

In Fig. [3.3] “0” is written on A and B cells and are in the hold state. Then write “1”
operation is performed on the target cell, which can potentially disturb the stored “0” on
A and B cells. After write “1” operation on the target cell, hold and read from A and B
cells are done. Due to shared BL with the target cell, the drain, FG1 and FG2 voltages
of A cell change from 0 V to 1.2 V. The effect of this change is that the read current rises
to 8.6 nA as shown in the Fig. (a). This current is still very low as compared to the
Read “1” current. The WL of B cell is also affected by the write “1” operation on the
target cell, which changes the backgate voltage of B cell from -1 V to -1.5 V. This has
negligible effect on the read “0” current and it remains close to 0.5 nA, as shown in Fig.
3.4(b). This demonstrates that there is no disturb “1” on the memory cells sharing BL
and WL by the write and read operations.
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Figure 3.4: Conditions to check for “1” disturb

3.3.2 “0” disturb
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Figure 3.5: Write “0” on target cell creating “0” disturb condition for C and D cells
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Figure 3.6: Read on target cell creating “0” disturb condition for E cell

Fig. and Fig. show the scenario for “0” disturb. In Fig. [3.5, write “1” operation

is performed on C and D cells, followed by the hold operation. Then, “0” is written on
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the target cell to create “0” disturb conditions for A and B cells. Then, read is done after
hold from both the cells. For C cell, the BL voltage is changed from 0 V to -1.1 V at
the time of write “1” operation on the target cell. In this condition, holes are lost and
read “1” current is decreased to 174 pA, as shown in Fig. (a). Still the current is high
enough to be considered as “1”. Fig. [3.7(b) shows the effect on D cell due to shared WL
with target cell. Write “1” operation on the target cell changes the backgate voltage of D
cell from -1 V to 0 V for time period of “1” write cycle (taken as 50 ns in this work). The
read current of D cell is still 186 pA, which demonstrates that there is negligible impact
of the disturbance.

Fig. shows the effect on the E cell due to read operation on the target cell with shared
WL. Backgate voltage is changed from -1 V to 1.5 V. This positive voltage expels the
holes from the region RB. As a result, read current of E cell decreases to 156 puA, as shown
in Fig [3.7(c). This demonstrates that even after read on the shared WL bits, the cells

storing “1” will not have “0” disturb.

q 4 4
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104 y T T T T T 104 y — T T
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Transient time (ns) Transient time (ns)

Read on

Drain Current (LA)
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o
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Figure 3.7: Conditions to check for “0” disturb
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Chapter 4

Conclusion

4.1 Conclusion

In this work, using gate engineering, an improvement in the retention time of a dopingless
1T DRAM is demonstrated. The device mechanism is studied in detail and the impact
of the control gate in improving the electrical characteristics is illustrated. Further, it
has been explained how it can be integrated in an array and it has been shown using
simulations that it can work as a memory cell. Simulations are done for various disturb
conditions to ensure the proper working of device in an array. Future work includes the

investigation in improving power consumption and density.

Moreover, dopingless DRAMs can be a solution to the problem of high temperature re-
quirement for annealing process in fabrication of monolithic 3D IC. In IC fabrication,
high temperature is required for annealing process to repair damage done by ion im-
plantation [17]. As in some monolithic 3D IC fabrications, the memory is stacked above
logic, high temperature to fabricate memory can effect the interconnects and components
in logic layer. With the use of dopingless memories, problem of high temperature re-
quirement can be eliminated. This aspect of dopingless DRAM can be investigated in

future.
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Appendix 1

4.2 Al.Sample Input file for write “1” followed by read

“1” operation

go internal

set Lsd=0.050

set Lgd=0.010

set Lg=0.200

set Lgs=0.015

set startx=0

set dstart=$"startx"

set dend=($"dstart"+$"Lsd"+$"Lgd")
set sstart=($"dend"+$"Lg")

set send=($"sstart"+$"Lsd"+$"Lgs")
set endx=$"send"

set L_back_gate=0.100

set L_front_gate=0.100

set gate_di_thick=0.003

#

set tsi=0.010

set tox=0.009

set starty=0

set endy=($"tsi"+$"tox")

go atlas
#mesh space.mult=1.0
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mesh width=1

.mesh loc=$"startx" spac=0.001

.mesh loc=(($"startx"+$"dend")/2) spac=0.002

.mesh loc=($"dend"-$"Lgd") spac=0.001

.mesh loc=$"dend" spac=0.001

.mesh loc=($"dend"+(($"sstart"-$"dend")/2)) spac=0.001
.mesh loc=$"sstart" spac=0.001

.mesh loc=($"sstart"+$"Lgs") spac=0.001

.mesh loc=(($"sstart"+$"endx")/2)  spac=0.002

.mesh loc=$"endx" spac=0.001

Co TR - T - - T A o

.mesh loc=($"starty"-$"tox") spac=0.001

.mesh loc=($"starty"-$"gate_di_thick") spac=0.001
.mesh loc=3$"starty" spac=0.001

.mesh loc=(($"starty"+$"tsi")/2) spac=0.0001
.mesh loc=$"tsi" spac=0.001

.mesh loc=($"tsi"+$"gate_di_thick") spac=0.001

< K K K K K< <

.mesh loc=$"endy" spac=0.01

region num=1 y.min=($"starty"-$"tox") y.max=$"starty" material=sio2
region num=2 y.min=$"starty" y.max=$"tsi" material=silicon

region num=3 y.min=$"tsi" y.max=($"tsi"+$"tox") material=sio2
electrode name=drain x.min=$"startx" x.max=$"startx" \

y.min=($"starty"-0.003) y.max=$"tsi"

electrode name=gated x.min=$"startx" x.max=($"dend"-$"Lgd") \
y.min=($"starty"-$"tox") y.max=($"starty"-0.003)

electrode name=fgate x.min=($"dend"+$"L_front_gate") x.max=$"sstart" \
y.min=($"starty"-$"tox") y.max=($"starty"-0.003)

electrode name=gates x.min=($"sstart"+$"Lgs") x.max=$"endx" \
y.min=($"starty"-$"tox") y.max=($"starty"-0.003)

electrode name=gate x.min=$"dend" x.max=($"sstart"-$"L_front_gate") \
y.min=($"endy"-0.006) y.max=$"endy"

electrode name=source x.min=$"endx" x.max=$"endx" \
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y.min=$"starty" y.max=$"tsi"

qtregion number=1 pts.normal=100 pts.tunnel=((50+($"Lg"*100))*5) x1=($"dend"-0.040)
y1=$"starty" x2= ($"dend"-0.040) y2=$"tsi" \
x3=($"dend"+0.025) y3=%"tsi" x4=($"dend"+0.025) y4=$"starty"

qtregion number=2 pts.normal=100 pts.tunnel=((50+($"Lg"*100))*5) \
x1=($"dend"+($"L_back_gate"/2))  yl=$"starty" \

x2=($"dend"+($"L_back_gate"/2)) y2=§"tsi" \

x3=($"sstart"-($"L_front_gate"/2)) y3=$"tsi" x4=($"sstart"-($"L_front_gate"/2)) \
y4=$"starty"

qtregion number=3 pts.normal=100 pts.tunnel=((50+($"Lg"*100))*5) \
x1=($"sstart"-0.025) yl=$"starty" \

x2= ($"sstart"-0.025) y2=$"tsi" \

x3=($"sstart"+0.040) y3=$"tsi" x4=($"sstart"+0.040) y4=$"starty"

material material=silicon me.tunnel=0.14 mh.tunnel=0.14 region=2

material material=sio2 permittivity=3.9

contact name=fgate N.POLYSILICON common=drain
contact name=gate P.POLYSILICON

contact name=gated workf=3.9 common=drain
contact name=gates workf=5.93 common=source
contact name=drain workf=3.9

contact name=source workf=3.9

models consrh cvt bbt.nonlocal qtunn.dir=1 bbt.forward print

output charge qfn qfp con.band val.band e.lines J.DRIFT J.DIFFUSION e.field traps
method newton

solve init

save outf=sindhu_dl_1_initial.str

## At equilibrium
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solve vsource=0.0
solve vgate=0.0
solve vdrain=0.0

save outf=sindhu_dl_1_off.str

#write 1 operation

log outf=write_1.log

solve vdrain=1.2 ramptime=bE-10 tstop=10E-9 tstep=1le-10
output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_Ons_transient_wf_3.9_lifetime_1le-7.str

solve vgate=-1.5 ramptime=bE-10 tstop=60E-9 tstep=1le-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=test_after_write_one.str

#Read 1 operation. Read taken after 50ns
log outf=consrhoff_wf_3.9_lifetime_le-7.log

solve vdrain=1 tstop=70E-9 tstep=1e-10
output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_10ns_transient_wf_3.9_lifetime_1le-7.str

solve vgate=1.5 ramptime=b5E-10 tstop=70.5E-9 tstep=1le-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_10.5ns_transient_wf_3.9_lifetime_le-7.str
solve vgate=1.5 tstop=71E-9 tstep=le-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_llns_transient_wf_3.9_lifetime_le-7.str
solve vgate=1.5 tstop=7bE-9 tstep=le-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_15ns_transient_wf_3.9_lifetime_1le-7.str
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solve vgate=1.5 tstop=100E-9 tstep=1e-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_40ns_transient_wf_3.9_lifetime_le-7.str
solve vgate=1.5 tstop=110E-9 tstep=1e-10

output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_50ns_transient_wf_3.9_lifetime_le-7.str
solve vgate=1.5 tstop=120E-9 tstep=1e-10
output val.band con.band charge e.lines J.DRIFT J.DIFFUSION

save outf=consrhoff_read_one_after_60ns_transient_wf_3.9_lifetime_1le-7.str

quit
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