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ABSTRACT

In this research article, an Ultra-low-power 1-bit SRAM cell is introduced using Tunneling Field Effect
Transistor (TFET). This paper investigates feasible 6T SRAM configurations on improved N-type and
P-type TFETSs integrated on both InAs (Homojunction) and GaSb-InAs (Heterojunction) platforms. The
voltage transfer characteristics and basic parameters of both Homo and Heterojunctions are examined
and compared. The proposed TFET based SRAM enhances the stability in the hold, read, and write
operations. This work evaluates the potential of TFET which can replace MOSFET due to the improved
performance with low-power consumption, high speed, low sub-threshold slope, and supply voltage
(VDD = 0.2 V). The results are correlated with CMOS 32nm technology. The proposed SRAM TFET
cell is implemented using 30nm technology and simulated using an H-SPICE simulator with the help of
Verilog-A models. The proposed SRAM TFET cell architecture achieves low power dissipation and

Complementary Metal Oxide Semiconductor

attains high performance as compared to the CMOS and FINFET.

doi: 10.5829/ije.2020.33.11b.13

NOMENCLATURE

Cq Depletion layer capacitance Q Elementary charge

Cox Gate oxide capacitance Const Device dimensions and materials parameter
T Temperature Vgs Gate source voltage

k Boltzmann constant

1. INTRODUCTION

In the present scenario, several researchers are working
towards reducing the size of the transistors to make
miniature Integrated Chip (IC) [1]. The silicon CMOS
technology has become an effective fabrication process
for high performance and lucrative VLSI circuits. Most of
the VLSI industries are using CMQOS, which is having a
high sub-threshold slope and high-off current at room
temperature [5]. Due to this factor, the leakage current
and heat of the system is also increased [7]. In SRAM cell,
thick gate oxide present in the long channel device is used
to reduce the leakage current. OFDM transceiver IC is
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used to provide high-speed data transmission in wideband
wireless communication [8]. TFET is a forthcoming
transistor that is studied extensively on the way towards
power-efficient integrated circuits as a replacement of
CMOS in the supply voltage regime below VDD = 0.3 V
[3-5].

In this work, the TFET characteristics are briefly
explained and TFET based SRAM cell is designed with
two different types: Homojunction and Heterojunction
[9-12]. These results are compared with the 32 nm
CMOS SRAM design. The sub-threshold slope, power
and supply voltages are reduced. The switching speed of
the system can also be increased by using TFETSs [10].
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This paper methodized the Tunneling Field Effect
Transistor in  Section 2. Homojunction and
Heterojunction TFETs are presented in Section 3. Section
4 portrays the proposed TFET based SRAM design. The
results of SRAM design are discussed in Section 5. The
article concluded in Section 6.

2. TUNNELING FIELD EFFECT TRANSISTOR

For achieving low energy electrons, a new type of
transistor TFET is proposed, which is used in the family
of Field Effect Transistor (FET) under the division of
MOSFET [2]. The MOSFET is working based on the
thermionic emission principle but TFET operates based
on the quantum tunneling mechanism, because of this
sub-threshold slope of TFET is less than 60mV/dec at
room temperature [6].

2. 1. Structure and Operation of TFET The
TFET structure is analogous to the MOS transistor
excluding the source and drain terminals shown in Figure
1. In TFET, the source terminal is doped with a p-type
material and the drain terminal is doped with an n-type
material. The TFET structure also named as P-I-N (P-
type source terminal, intrinsic region, and N-type drain
terminal) structure [3].

The tunneling process occurs at the sufficient gate
bias where the electron moves from the lower band of the
p-type source terminal to the upper band of drain terminal
[5]. If the gate bias is reduced, the current cannot flow a
long time because of band misalignment [13-14]. When
the transistor attains off condition it is in the same mode
and there are no electrons will move from p-type to n-
type terminal [15-17].

The NTFET Tunneling process is shown in Figure 2.
The operation of NTFET is the same as the operation of
PTFET but the difference attains only the majority
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Figure 1. Basic Structure of TFET

Crcmehe i

mecnanne TFE

Figure 2. NTFET Tunneling Process

carriers. In NTFET, the majority carriers are electrons
and holes are the majority carriers in PTFET. The gate
voltage is a negative voltage for PTFET, it is same as the
MOSFET but there is no body bias in TFET [11]. In the
N-channel case, the Fermi level is very close to the
valence band edge due to high density of states for holes.
In the P-channel, the Fermi level degeneracy is quite high
due to low density of states for electrons. This causes a
high energy tail, which limits the sub-threshold slope and
gives rise to a strong temperature dependence similar to
that of a MOSFET [23].

2. 2. Sub-threshold Swing The sub-threshold
swing is the reciprocal value of the sub-threshold slope.
The sub-threshold slope is a slope of logarithmic drain
current and gate voltage characteristic of MOSFET. The
sub-threshold swing of MOSFET is given below:

SSwiosret = In(10) ("q—T) (1+ Cc—d) [mV/dec] @)

Based on Equation (1), the leakage current of the
conventional device lies in the sub-threshold region. The
above equation is used only for MOSFET. For
calculating the sub-threshold swing of TFET, another
equation is used as the mechanism depends on the
tunneling barrier width [4] which is given by:

2
Ygs [mV/dec] @)

5.75(Vgs+Const)

SStreT =

If the sub-threshold swing of a device is small, then the
leakage current, power dissipation and the threshold
voltage of a device will also occur quite low [18]. Field
Programmable Gate Array (FPGA) provides more
flexible, accurate in simulating, testing and gives end to
end solutions for reprogramming the proposed designs in
the hardware [19].

3. HOMOJUNCTION AND HETEROJUNCTION
TUNNEL FIELD EFFECT TRANSISTORS

The sub-threshold slope, power consumption and delay
of the TFET are reduced based on the band-gap of the
materials which is used for TFET fabrication. TFET is
divided into two categories based on semiconducting
materials.

3. 1. InAs Homojunction A Homojunction is a
semiconductor material that has equal band gaps in
between two layers of similar semiconductors with
different doping concentrations. InAs is used for high
electron mobility and it is a direct band-gap material [12].
The values of basic parameters for InAs are energy
gap=0.354 eV, Intrinsic carrier concentration=1.1015
cm-3, Intrinsic  resistivity=0.16 Q.cm, Effective
conduction band density of states =8.7x1016 cm-3,
Effective valence band density of states=6.6x1018 cm-3.
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3. 2. GaSb-InAs Heterojunction A Heterojunction
is a semiconductor material which is having unequal
band gaps in between two layers of dissimilar
semiconductors. The energy band diagram of
Heterojunction types is shown in Figure 3. It works at
high frequency and also used in High Electron Mobility
Transistors (HEMT). TFET operates at minimum voltage
when the band gaps of crystalline semiconductors are
unequal [20]. The Heterojunction semiconductor
alignment is divided into three types. Those are a
Straddling gap, Staggered gap and Broken gap [12].

In this paper, the two types of TFETs, Homojunction
and Heterojunction are simulated. these two TFETS are
compared with its basic parameters based on the results.
When it is in contact, GaSb and InAs have non-
overlapping band-gap, which forms more interesting
phenomena in heterostructure from those materials. In an
intrinsic heterostructure, the carriers are generated by the
migration of charges from GaSb to InAs layers. Here the
sheet densities of mobile electrons and holes are the same
[11].

For a large number of experiments, it is useful to
control the electron-hole ratio. In the broken band-gap
arrangement of GaSbh-InAs heterostructure, InAs
conduction band occurs lower in energy than the GaSb
valence band, it causes charge. Mobilization from the
GaSb to the InAs layers [21]. Due to this arrangement,
intrinsic populations of mobile electrons and holes are
generated in the absence of doping. For thin InAs wells,
quantization of the confinement energy becomes
significant at low temperature, leading to quasi-two-
dimensional behavior as the carrier wave functions are
restricted in growth to the direction for a number of states
corresponding to discrete sub-band energies [22].

4.PROPOSED TUNNEL FIELD EFFECT TRANSISTOR
BASED STATIC RANDOM-ACCESS MEMORY DESIGN

Static Random-Access Memory (SRAM) is a volatile
semiconducting memory, which is used to store on
condition without periodic data as long as the power
supply is refreshed. SRAM is a high-speed memory cell
in the RAM family. The 6T TFET SRAM circuit is
shown in Figure 4.

4. 1. SRAM Cell Operation The SRAM cell
contains six TFET transistors which are X1, X2, X3, X4,
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Figure 3. Heterojunction Types
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Figure 4. 6T TFET SRAM Circuit

X5, and X6. Here two TFET inverters (X1, X2, X3 and
X4) are cross-coupled. During read and write operations
the access is controlled by two additional TFET
transistors X5 and X6. Because of this architecture, the
supply voltage of a cell is less than 0.25 V, the power
dissipation is also very low and it has high noise
immunity. There are three stages present in SRAM
named as read, write and hold mode operations. The
working of these stages is given below.

4.1. 1. Hold For the hold operation the word line
should be 0 (WL = 0). So, the access transistors X5 and
X6 are not able to connect with the bit lines because of
this SRAM keeps the present data in the cross-coupled
inverters (X1, X2, X3, and X4) as long as the supply
voltage is ON.

4. 1. 2. Reading To read the data from SRAM cell
Word Line (WL) is always in the ON condition and both
the bit lines should be recharged. The sense amplifier is
used to sense the data from the SRAM cell. The output of
the SRAM cell is given as input of sense amplifier. The
Qand Q are the inputs of sense amplifier, if Q < Q then

the output of sense amplifier is 0, and if Q > Q then the
output is 1.

4. 1. 3. Writing To write a 1 into the SRAM cell,
first WL and BL (Bit Line) should be 1 and BL should
be 0. If 0 is written to the SRAM cell, then the value of
BL should be inverted.

5. RESULTS AND DISCUSSION

5. 1. SRAM Write Operation by using TFET In
Homojunction TFET when the word line is ON (WL=1),
the SRAM circuit allows the external input inside the cell
to store the data. If WL=0, then SRAM circuit keeps the
previous data which is shown in Figure 5. The power of
the Homojunction SRAM is 17.8 nW.

In Heterojunction TFET, when the word line is ON
(WL=1), the SRAM circuit allows the external input,
inside to store the data. If WL=0, then the GaSb-InAs
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SRAM circuit keeps the previous data which is shown in
Figure 6. The power of the Heterojunction SRAM is
0.38nW.

5. 2. SRAM Read Operation by using TFET In 6T
TFET SRAM Read Operation, the sense amplifier is
connected to read the stored data from SRAM cell. For
read operation, the word line should be 0 (WL=0). The
output of the Homojunction TFET SRAM read operation
result is shown in Figure 7. The power of the
Homojunction SRAM cell is 208.2 nW.

For a read operation, the word line should be 0
(WL=0). The output of the Hetrojunction TFET SRAM
read operation result is shown in Figure 8. The power of
Heterojunction SRAM cell is 1.87 nW.
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Figure 5. Homojunction 6T SRAM write operation result
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Figure 7. Homojunction TFET SRAM read operation result
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Figure 8. Heterojunction TFET SRAM read operation result

5. 3. Heterojunction vs Homojunction The sub-
threshold slope of the device is very low if we use
Heterojunction GaSb-InAs TFET. Heterojunction TFET
has a small band-gap, when compared to the
Homojunction TFET. Due to the small band-gap the
charge carriers can move easily which enhances the
speed of the transistor. Hence GaSb-InAs Heterojunction
TFET is best for device fabrication because the power
consumption and the propagation delay are very low is
given in Table 1.

TABLE 1. Performance Comparison of Homojunction Vs
Heterojunction

Circuit Homo junction

Hetrojunction

1
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i [ )

i
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Figure 6. Heterojunction 6T SRAM write operation result

Power toLH  tpHL Power  tpLH tpHL
(W) () (n) (W) (ns) (ns)

SRAM 178 101 151 038 101 99
Write
SRAM 9082 99 018 187 00007 00128
Read
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5.4. SRAM Operation Using 32nm Technology

5. 4. 1. Write Operation In the CMOS 32 nm
SRAM write operation circuit, when the word line is ON
(WL=1), the SRAM circuit allows the external input, to
store the data. If WL=0, then the SRAM circuit keeps the
previous data which is shown in Figure 9. The power of
the 32nm CMOS SRAM is 0.704 nW.

5.4. 2. Read Operation The CMOS 32nm SRAM
read operation is done by using a sense amplifier which
is used for reading the stored data from the memory
device. For read operation the word line should be 0
(WL=0). Then, the output of the SRAM cell is connected
as an input to the sense amplifier. The power of 32nm

CMOS SRAM cell is 14.1 nW. Q and Qare the inputs of
a sense amplifier and also the output of the SRAM cell.
After writing the data into SRAM memory cell, the
reading operation will take place. The simulation result
of CMOS SRAM read operation is shown in Figure 10.

5. 4. 3. CMOS Vs TFET The heterojunction TFET
SRAM and CMOS SRAM parameters are compared
because it has already proved that Heterojunction is
better than Homojunction. From Table 2, it is concluded
that the TFET is better than the CMOS by comparing the
parameters like power and propagation delay.

After comparison of CMOS, TFET and FINFET
Technologies in Table 3, it is concluded that TFET is
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Figure 10. CMOS SRAM read operation result

TABLE 2. Performance Comparison of CMOS Vs TFET

Circuit CMOS TFET (Hetrojunction)
Power tpLH tpHL  Power  tpLH tpHL
(nwW) (ns) (ns) (nW) (ns) (ns)

SRAM 4704 102 10 038 101 99

Write

SRAM -y 00009 g0004 187 00007 0.0128

Read 5

TABLE 3. Basic parameters values for CMOS, TFET and FINFET

better than CMOS and FINFET. TFET gives very low Parameters CMOsS TFET FINFET
sub-threshold swing at room temperature compared with Channel Length 32 nm 30nm 22nm
CMOS and FINFET. TFET transistor shows higher
8 ; Supply Volt 1.8V 0.25V 0.9V
performance than FINFET-based logic due to its lower Hpply VoTage
parasitic capacitance. In addition, the leakage power of \T/hlrtesm'd 053V 0.05V 0.36
TFET is also reduced compared to FINFET and CMOS. oltage
Hence, TFET operates on high speed with low power, grb-threshold 60mVidec  17mVidec  >70mVi/dec
and low supply voltage. ope
Leakage Power 1.74pW 0.39pW 0.98pW
HVT  LVT
X Py lon (UA/um) 400 850
HE / \ /. - 9 380
TMP“ (TIME) ' “ B '
& h / A = 6. CONCLUSIONS
a “ @ " Ymﬁ“ TIME) ' " - '
T e e B e e e e e e In this paper Heterojunction and Homojunction 6T
f m A / : SRAM cell is designed and simulated using TFET and it
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Figure 9. 6T CMOS SRAM write operation result

is observed that the Heterojunction SRAM cell performs
better than the Homojunction in terms of speed and
power consumption. Also, the performance of 30 nm
TFET is compared with the 32 nm CMOS technology
based on the various parameters such as channel length,
supply voltage, threshold voltage, power and sub-
threshold slope. Hence the proposed 6T-TFET SRAM
offers better results than 6T-CMOS SRAM.
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