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Based TFET SRAMS 
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Abstract: This study explores the stability and power dissipation of the homo and hetero-junction based tunnel field effect transistor (TFET) SRAM 
cells. Given its unique characteristics such as unidirectional current due to its asymmetric source/drain regions, the SRAM designs are exploited 
accordingly to prevent unnecessary leakage power. Four SRAM circuit configurations, 6T, 7T, modified 6T and modified 7T are considered in this study. 
The stability analysis of TFET SRAM cells is characterized by estimating read/write noise margins. The modified 7T TFET SRAM design provides better 
read/write stability due to the utilization of separate read transistor and Vdd collapse assist during write operation. The SRAM cells employing hetero-
TFET shows high power dissipation of 0.42 µW for modified 7T cell due to the higher OFF current of hetero-TFET. 
 
Index Terms: Band to band tunneling, SRAM, tunnel FET, unidirectional current, noise margins.   

——————————      —————————— 

 

1. INTRODUCTION 
STATIC random-access memory (SRAM) plays a vital role in 
processors in caches, buffers, etc., and consumes more power 
and processor chip area. The scaling of voltage is the efficient 
way to reduce the power dissipation of the electronic circuits. 
There is a tremendous curiosity to explore the device with low 
supply voltage and high ON current (Ion) using tunneling effect. 
Hence the focus lies on field effect transistors (FETs), in which 
small fluctuation of gate voltage turns the transistor ON or OFF 
using band-to-band tunneling (BTBT). Tunneling FET (TFET) 
presents extremely low leakage current (Ioff), lower sub-
threshold swing (SS) beyond the 60 mV/decade, which is the 
limiting factor of conventional MOSFET [1], [2], [3]. Since it 
exhibits steep sub-threshold swing together with high Ion, it 
can be operated at lower threshold voltages for ultra-low 
power applications [4], [5], [6], [7]. The major constraint of 
TFET is its unidirectional current flow due to its asymmetric p-
i-n structure. The conduction of current in the access 
transistors (ATs) of SRAM cell are required to be in both 
directions. To overcome the unidirectionality issue, most of the 
literatures have been reported with the different SRAM 
designs. The 6T to 10T SRAM designs have been proposed 
with Silicon based TFET [8], [9], [10], hetero-junction TFET 
[11], [12], [13] and In0.53Ga0.47As TFET [14]. The proper 
functionality in the SRAM cell can be defined by the static 
noise margin (SNM), which is described by the highest noise 
voltage between both the half cells [15]. The read/write 
stability has been enhanced by utilizing the read buffer to 
eliminate the read disturb and write assist techniques, footed 
virtual ground and Vdd-collapse write assist [8], [16]. In this 
paper, the modes of operations for various TFET based SRAM 
designs are studied and the stability analysis and power 
dissipation of the TFET SRAM cells are explored. This paper is 
organized as follows. Section 2 describes the structure of the 
homo/hetero-junction based DG TFETs. Section 3 explains the 
design and operation of various TFET based SRAM cells, 6T, 
7T, modified 6T and modified 7T. The results and discussions 
are presented in Section 4. This section comparatively 
addresses the stability and leakage power of the TFET 
SRAMs considered in this work. Finally, Section 5 provides the 
conclusions. 

2 DEVICE STRUCTURE 
TFET presents extremely low Ioff, lower SS beyond 60 mV/dec, 
which is the limiting factor of conventional MOSFET [1], [2], 
[3], [17], [18]. Due to the higher conduction current of III-V 
TFETs, InAs and GaSb-InAs based DG TFETs are used in this 
study [19]. The structure of homo and hetero-junction DG 
TFETs are illustrated in Fig. 1 (a) and (b), respectively. The 
device specifications for the DG TFETs considered in this 
study are given in Table 1.  

 

 
Fig. 1. Structure of n-type DG-TFETs (a) InAs DG TFET 

(doping not shown) (b) GaSb-InAs DG TFET (without and with 
doping) 

 
TABLE 1 

 DEVICE SPECIFICATIONS 

Parameters 
InAs DG 
TFET 

GaSb-InAs 
DG TFET 

Gate length (Lg) 20 nm 20 nm 

Body thickness (Tch) 5 nm 5 nm 

Gate-oxide thickness (Tox) 1 nm 1 nm 

Source doping concentration (Ns) 4×10
19

 cm
-3
 4×10

19
 cm

-3
 

Drain doping concentration (Nd) 6×10
17

cm
-3
 2×10

17 
cm

-3
 

Channel doping concentration (Nch) 1×10
15

 cm
-3
 1×10

15
 cm

-3
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2.1 Device-to-Circuit Modeling 
Since compact SPICE models for TFETs are yet to be 
developed, the look-up table based Verilog-A code for DG 
TFETs is generated using the results extracted from TCAD to 
enable circuit simulations. The flowchart for the model 
generation from the TCAD simulations is shown in Fig. 2. The 
current and capacitance characteristics are extracted from 
both the DC and AC simulations respectively. The device 
characteristics, Ids(Vds, Vgs), Cgs(Vds, Vgs) and Cgd(Vds, Vgs) are 
captured in 2D look-up tables and employed by the Verilog-A 
code [19], [20], [21], [22]. This Verilog-A code is implemented 
as a three terminal device (source, gate and drain) by using 
Cadence virtuoso tool. A sample code of Verilog-A for the n-
TFET is given in Algorithm 1. In this code, $table_model 
function requires three inputs: Vds (1

st
 column of the look-up 

table), Vgs (2
nd

 column of the look-up table) and current or 
capacitance values (3

rd
 column of the look-up table). The 

values (Ids, Cgs, Cgd) are assigned from the look-up tables in 
―.tbl‖ according to the terminal voltages. The circuit symbol for 
n/p-type DG TFETs are represented in Fig. 3(a) and (b), 
respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Flowchart for the Verilog-A model generation from 

TCAD simulations 

Algorithm 1: Sample Verilog-A Code for n-TFET 

module nTFET(d,g,s); 
inout d,g,s; 
electrical d,g,s; 
real Ids, Cgs, Cgd; 
parameter real w=1; //Device width 
analog begin 
Ids=$table_model(V(d,s), (V(g,s)), "IdVg-
nTFET.tbl","1LL,1LL");  
Cgd=$table_model(V(d,s), (V(g,s)), "Cgd-
nTFET.tbl","1LL,1LL");  
Cgs=$table_model(V(d,s), (V(g,s)), "Cgs-
nTFET.tbl","1LL,1LL"); 
       I(d,s) <+ Ids*w; 
       I(g,d) <+ Cgd*ddt(V(g,d))*w; 
       I(g,s) <+ Cgs*ddt(V(g,s))*w; 
end 

 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 3. Symbol of DG TFETs (a) n-type (b) p-type 

 
3 DESIGN OF TFET BASED SRAM CELLS 
All the SRAM cells are designed in Cadence Virtuoso circuit 
simulator. The read and write operations for 6T, 7T, modified 
6T and modified 7T TFET SRAMs are discussed in this 
section. The supply voltage (Vdd) for the circuits is 0.8 V. 
 
3.1 6T TFET SRAM 
The schematic diagrams of 6T TFET SRAM with inward and 
outward configurations are represented in Fig.4 (a) and (b), 
respectively. The two cross coupled inverters (M1, M2, M3 and 
M4) forms a storage cell. The bit lines (BL and BLB) are 
connected to the storage nodes (Q and QB) via the two ATs 
(M5 and M6). In the inward/outward configuration, depending 
on the position of the tunneling junction of the ATs, the source 
and drain of the ATs are connected to the storage nodes/bit 
lines and bit lines/storage nodes, respectively [8] . The word 
line (WL) is used to switch ON and OFF the ATs. Read mode: 
In the inward ATs configuration, to read a stored value, both bit 
lines are pre-charged to Vdd and BLB is pulled downwards 
through M6 and M4, which forms the current flow path. BL 
stays at 1 due to the nonexistence of discharging path. The 
sense amplifier senses the difference of the bit lines to read 
the stored value. In the outward ATs configuration, both bit 
lines are discharged to 0. BL is pulled up through M1 and M5, 
which forms the current flow path. BLB remains at 0. The 
sense amplifier senses the difference of the bit lines to 
determine the stored value.  

 

 
 

Fig. 4. 6T TFET SRAM with (a) inward ATs (b) outward ATs 
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Write mode: To write 0 in the inward ATs configuration, the 
node Q cannot be pulled down by M5, since it conducts 
current only in inward direction. Thus, M6 must pull-up QB 
without any assistance from M5. To write 0 in the outward ATs 
configuration, the node Q is pulled down by M5, since it 
conducts current in outward direction. BLB remains at 1, since 
M6 does not conduct current in inward direction to pull-up QB. 
Hence, 6T TFET SRAM cell use only single transistor to 
perform write operation, as TFET conducts current in one 
direction. This worsens the WNM significantly. Measurement 
of RNM and WNM: Fig. 5 (a) and (b) describe an example for 
the measurement of RNM and WNM of the 6T TFET SRAM 
with I-ATs configuration shown in Fig. 4(a). The RNM can be 
defined by the maximum dc noise value sustained by the 
storage cell without flipping the content of the cell. It is 
measured graphically by the length of aside of the largest 
square embedded inside the lobes of a butterfly curve as 
shown in Fig. 5(a). The WNM is quantified by the write-trip 
point. The write-trip point is the difference between Vdd and the 
minimum bit line voltage needed to flip the content of the cell 
[23], as represented in Fig. 5(b).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Measurements for 6T TFET SRAM with I-ATs (a) RNM 
(b) WNM 

 
The noise margins are plotted for various cell ratios (CR) with 
constant pull-up ratio (PR) and vice versa. The CR and PR 
can be written as, 

                                                                              

sistorAccessTran

storDownTransiPull

W

W
CR 

                                                          
[1]                                                                                                            

sistorAccessTran

orUpTransistPull

W

W
PR




                                                             
[2]                                                         

The 6T TFET SRAM can able to provide only smaller stability 
margins, due to the unidirectionality issues [8] . Fig. 6 (a) and 
(b) show the noise margins for 6T TFET SRAM with I-ATs for 
various CR at constant PR. It is observed that the RNM 
decreases for CR lesser than 0.5, while WNM decreases to 0 
for CR greater than 0.5.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Noise margins of 6T TFET SRAM (I-ATs) with varying 

CR at Vdd = 0.8 V (a) RNM (b) WNM 
 
The noise margins for 6T TFET SRAM cell by varying PR with 
constant CR are represented in Fig. 7 (a) and (b), respectively. 
It is inferred that the RNM increases significantly and the WNM 
reduces to 0 when PR is greater than 1.5. Thus, the 6T TFET 
SRAM designs fails in providing better RNM and WNM due to 
its unidirectional issue [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 11, NOVEMBER 2020      ISSN 2277-8616 

105 
IJSTR©2020 
www.ijstr.org 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7. Noise margins of 6T TFET SRAM (I-ATs) with varying 
PR at Vdd = 0.8 V (a) RNM (b) WNM 

 
In order to overcome the read/write stability issue, the 
separate read buffers are used in 7T TFET SRAM designs 
with outward ATs [20]. The read buffers are used to perform 
read operation separately 
 
3.2 7T TFET SRAM 
In order to improve the stability margins, 7T TFET SRAM 
depicted in Fig. 8 is designed with extra read buffer [8], [10], 
[20]. It incorporates a transistor as a read buffer (M7) with the 
6T cell core. The gate of M7 is connected to QB, the drain and 
source of M7 are connected to the read bit line (RBL) and the 
read word line (RWL), respectively. 

 

 
Fig. 8. 7T TFET SRAM 

 
Read mode: The read operation is performed by the read 
buffer. During the read mode, RWL is grounded and RBL is 
pre-charged to Vdd. If the data is stored at QB, RBL will be 
discharged to ground. The additional read port thus provides 
better RNM, as it decouples the read current path from the 
cross coupled inverters. Write mode: The write operation is 
equivalent to that of 6T TFET SRAM with outward ATs. It can 
be inferred that O-ATs demonstrate improved WNM over I-ATs 
[20], [24], [25]. Thus, 7T TFET SRAM cell uses O-ATs for 
better write performance. 
 
3.3 Modified 6T TFET SRAM  
To improve the noise margins, the modified 6T TFET SRAM 
represented in Fig. 9 was proposed with both inward and 
outward ATs [8]. BL and BLB are connected to same node Q 
through the ATs M5 and M6 in order to make virtual ground to 

inverter 1 consisting M1 and M2 to assist write operation. The 
pull-down transistor M2 is connected to the write enable line 
(WRA), which provides the virtual ground to inverter 1. The 
virtual ground provides better WNM by weakening the 
regenerative action of the cross coupled inverters [23].  

 

 
Fig. 9. Modified 6T TFET SRAM 

 
Read mode: The read operation is carried out using differential 
bit lines. BL and BLB are pre-charged to Vdd and enable WL=1. 
If Q is 0 then the I-AT (M5) starts to conduct and pull down the 
BL while BLB remains at Vdd. If Q is 1, both BL and BLB 
remain pre-charged to Vdd. Write mode: The write operation is 
performed using one of the ATs based on the input data. To 
write ―1‖, BL and BLB are pre-charged to Vdd, WL and WRA are 
raised high. When WRA is raised high, the inverter 1 (M1 and 
M2) is weakened and disrupts the cross coupling between the 
two inverters. The AT (M5) pulls Q to high through BL. When Q 
gets the trip point of inverter 2 (M3 and M4), QB turn into 0. To 
enable cross coupling, virtual ground is connected to ground. 
To write ―0‖, both bit lines are discharged to ground, WL and 
WRA are raised high. The assertion of WRA weakens the cross 
coupling between the two inverters. The write ―0‖ is done via 
the O-AT (M6). 
 
3.4 Modified 7T TFET SRAM  
In order to enhance write ability, the modified 7T TFET SRAM 
was proposed with Vdd collapse write assist [26]. The 
schematic diagram of the modified 7T TFET SRAM illustrated 
in Fig. 10 consists of 6T cell core with an additional read buffer 
along with RBL and RWL. The pull-up transistors (M1 and M3) 
are powered by the bit lines.  

 

 
 

Fig. 10. Modified 7T TFET SRAM 
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Read mode: The read operation is equivalent to that of 7T 
TFET SRAM. The additional read port decouples the read 
current path from the two cross coupled inverters. During the 
read mode, RWL is grounded and RBL is pre-charged to Vdd. If 
QB has the data, RBL will be discharged through M7. Since 
ATs are in outward direction, the storage nodes cannot be 
interrupted by the read operation. Write mode: As already 
discussed, O-ATs demonstrate better WNM over I-ATs. The 
modified 7T TFET SRAM cell uses O-ATs for better write 
performance. To write ―0‖, BL = 0, BLB = 1 and WL is 
activated. The source of M1 is now at 0, and therefore the pull-
up current (IPU) through M1 weakens. Hence, the write 
operation is enhanced, since Iwrite easily overcomes IPU [26].  
 

4 RESULTS AND DISCUSSIONS 
All the TFET SRAM designs are simulated with homo and 
hetero-junction based TFETs. For SRAM, the important design 
metrics are stability and leakage power. In this section, the 
comparative analysis for the TFET SRAMs, 6T (inward ATs), 
7T, modified 6T and modified 7T is carried out based on these 
design metrics.  
 
4.1 Stability 
The design metrics for the stability analysis are RNM and 
WNM. Fig. 11 shows the RNM for various TFET SRAMs at 
different Vdd for both homo and hetero-TFETs. It can be seen 
that the RNM increases with increasing Vdd due to the 
improvement in the characteristics of the TFET at higher Vds. It 
is inferred that the 7T and modified 7T SRAMs show the 
highest RNM of all the other designs, due to the presence of 
read buffer which separates the read current path and the 
internal storage node [10]. The modified 6T SRAM cell gives 
considerably higher RNM than 6T cell. It is due the outward AT 
(M6) shown in Fig. 9, which does not conduct current in 
reverse direction during the read operation. This contributes to 
the higher RNM. It is noticed from the Fig. 11 that the SRAMs 
designed using hetero-TFET (dashed line) show lower RNM 
compared to homo-TFET. This is due to the delayed saturated 
output characteristics of hetero-TFET [26]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. RNM of TFET SRAM cells 
 
Fig. 12 depicts the WNM for various TFET SRAM cells at 
different Vdd for both homo and hetero-TFETs. As discussed 
earlier, the noise margin increases with increasing Vdd due to 
the improved output characteristics of the TFET at higher Vds. 
It can be observed that the modified 7T cell shows highest 

WNM due to Vdd collapse write assist as discussed in Section 
3.4. The modified 6T cell shows better WNM than 6T and 7T, 
since it uses the footed virtual ground technique to weaken the 
regenerative action of the cross coupling inverters [8]. The 
6T/7T cells gives poor WNM due to the TFET unidirectionality, 
which leads to single-ended write operation [26]. It is also 
observed that the SRAMs designed using hetero-TFET 
exhibits higher WNM compared to homo-TFET. This is 
attributed to the high drive current of hetero-TFET [26].   

 

 
Fig. 12. WNM of TFET SRAM cells 

 
4.2 Leakage Power 

TFET shows smaller leakage current because of the larger 
barrier of reversed p-i-n junction than MOSFET. Fig. 13 
provides the comparison of standby power for various SRAM 
designs along with homo and hetero-junction based TFETs. In 
standby mode, WL is kept low and both BL and BLB are pre-
charged to Vdd. It can be seen from the Fig. 13 that the SRAM 
cells designed using hetero-TFET consumes slightly higher 
power dissipation compared to homo-TFET. This is due to the 
larger OFF current of hetero-TFET. Furthermore, there is no 
significant difference in standby power dissipation of SRAM 
cells considered in this study. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 13. Standby Power for TFET SRAM cells 

 
5 CONCLUSIONS 
In this chapter, the stability and leakage power of homo and 
hetero-junction based TFET SRAM cells are studied by 
measuring its noise margins and power dissipation. The 
SRAM circuits considered in this study are 6T, 7T, modified 6T 
and modified 7T. The 6T cell suffers from worsen RNM 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 11, NOVEMBER 2020      ISSN 2277-8616 

107 
IJSTR©2020 
www.ijstr.org 

because of the unidirectionality issue of the access transistors. 
The additional read buffer in 7T and modified 7T cells 
overcome this issue by decoupling the read current path from 
the internal storage node. The modified 7T cell shows better 
read/write stability due to the utilization of separate read 
transistor and Vdd collapse write assist. The SRAMs designed 
using hetero-TFET show improved WNM. The power 
dissipation for all the SRAM cells is extracted and it was 
observed that the SRAMs designed using hetero-TFET show 
higher power dissipation due to the larger OFF current of 
hetero-TFET. 
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