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Semiconductor memories are becoming more and more present in the most hostile environments. In
this paper, the electrical behavior of the 6T-SRAM memory cell in 3C-SiC in 130 nm CMOS technology was
studied. The study of the effect of the cell ratio (CR), supply voltage (Vbp) and temperature (7) on the static
noise margin (SNM), as well as the influence of temperature on write time showed that this cell is charac-
terized by a low power (P =27 nW), a high speed (write time Twrite = 0.305 ns) and a wide noise margin
(RSNM = 320 mV), and also it works under a low voltage Vpp = 1.2 V and a high temperature up to 350 °C.
The comparison with the literature has shown that the 6T-SRAM cell in SiC with 130 nm CMOS technolo-
gy is characterized by good electrical behavior and high electrical performance.
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1. INTRODUCTION

Conventional silicon circuits are limited in proper
operation when the conditions of use are very severe
(very high temperature, high magnetic and high electric
fields, chemical aggressivity, strong irradiation, nuclear
power plant, etc.). Due to this, the manufacture of cir-
cuits that can operate in these hostile environments is
necessary. Large gap materials such as silicon carbide
(SiC) replace advantageously silicon (Si) [1]. The latter
is a material which is currently making great advances
linked to a wide application field in electronics. Due to
the main physicochemical properties of silicon carbide,
such as thermal conductivity (5 W/K.cm), the large gap
(3 eV), the very high critical electric field (3 MV/cm), the
high electron saturation speed (2.107 cm-s—1) and the
high mobility on the order of 1000 (cm2V-1s-1), SiC is
well adapted to high power applications, high tempera-
ture, high frequency under radiations etc. [2, 3].

There are several polytypes of silicon carbide. Among
these ones, 4H-SiC, 6H-SiC and 3C-SiC are the most
used in electronics. A plenty of components such as
diodes, bipolar transistors, field effect transistors and
others have been produced and studied based on these
polytypes in recent years.

During the last decade, digital systems based on
electronic circuits have developed remarkably, particu-
larly circuits integrating memory cells. Among the
most popular of these memories are the Static Random-
Access Memory (SRAM) cells. So, several recent re-
searches have focused on the study of SRAM cells in
terms of low voltage, low power, high noise immunity,
high speed in different technologies, small dimensions
and materials.

The study of MOSFETs and electronic circuits in
SiC 130 nm submicron technology showed that they
operate at low voltage and low power [4-7].
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In this work, we will study the electrical behavior of
the 6T-SRAM memory cell using N- and P-MOSFETSs
in 3C-SiC 130 nm technology. To carry out this study,
we will see the influence of supply voltage Vbp, tem-
perature T and cell ratio CR on different static noise
margins (in retention HSNM, in writing WSNM and in
reading RSNM) of this cell. To investigate the speed of
the 6T-SRAM cell in 3C-SiC 130 nm technology, we will
study the write time of this cell in a temperature range
from 27 °C to 350 °C with Vbp =1.2 V and CR = 3. Con-
sequently, we will carry out a comparative study be-
tween our results and those in the literature. We use
Cadence OrCAD (PSpice) as a simulation tool.

2. DESCRIPTION OF THE 6T-SRAM MEMORY
CELL IN 3C-SIC

The architecture of six transistor SRAM memory is
used to carry out this study. The 6T-SRAM is a simpli-
fied RS Flip-Flop made up of two back-coupled CMOS
inverters (T1, T2, Ts and T4) and two NMOS transistors
(T5 and Ts) called access transistors, as shown in Fig. 1.
PSpice parameters of N- and P-MOSFETs implanted in
this cell are calculated using 3C-SiC 130 nm technology
and the BSIM3v3 model.

For the SRAM cell, the static noise margin (SNM) is
the most important characteristic. It is defined as "the
minimum noise voltage that must be applied to the re-
tention node’s to toggle the state of the cell" [8]. There
are three modes of SNM for an SRAM cell according to
the different operations on this cell: in retention HSNM,
in writing WSNM and in reading RSNM, the last one is
the most important.

The SNM can be obtained graphically by the length
of the side of the largest square that can be inserted
between the two curves in the graph called "butterfly"
as shown in Fig. 2 [2].
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Fig. 1 - 6T-SRAM CMOS memory cell
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3. RESULTS AND DISCUSSION
3.1 Effect of Cell Ratio on SNM

To study the effect of the sizing of the transistors on
the different noise modes, we must look at the influ-
ence of the geometric ratio between the inverter tran-
sistors and the access transistors, called the cell ratio
(CR) [9]. The following relation gives it:

m_ W
W W

CR with Wi = Wz and Ws=Ws, (1)

where W1, W5, Ws and Ws are respectively the channels
widths of the transistors T1, T3, Ts and Ts. Fig. 3 shows
the evolution of the two noise modes RSNM and WSNM
as a function of CR of the 6T-SRAM cell in 3C-SiC
technology for a supply voltage Vbp = 1.2 V and at room
temperature.

The read static noise margin (RSNM) increases con-
siderably with the increase in the CR ratio of the 6T-
SRAM cell in 3C-SiC technology, while it decreases in
write mode (WSNM) as shown in Fig. 3; and on the
other hand, there is no influence of the CR ratio on the
hold static noise margin (HSNM).

The increase in the CR has limits, because the ac-
cess transistor should not be very small compared to the
PMOS transistor (Tg) of the inverter, for a successful
write operation. That is why we chose a CR equal to 3 in
the study of the other effects.

JJ. NANO- ELECTRON. PHYS. 12, 04024 (2020)

450

400

350

300 +

250

SNM (mV)

T T T T T
1,0 1,5 2,0 2,5 3,0 3,5 4,0

CR

Fig. 3 — SNM as a function of CR (Vpp = 1.2 V)

800

—=— HSNM

- S -
W
t/

| Vop (V) |

Fig. 4 — SNM as a function of Vpp (CR = 3)

SNM (mV)

3.2 Effect of Supply Voltage on SNM

To study the effect of the supply voltage on the
functioning of the 6T-SRAM cell in 3C-SiC technology,
we vary the Vpp voltage from 1V to 5 V. This range of
voltage is chosen to cover the different values of supply
voltage Vpp used in literature (Table 1). After simula-
tion, we get Fig. 4.

Fig. 4 shows the evolution of the noise margins as a
function of the supply voltage Vpp of the 6T-SRAM cell
in 3C-SiC at room temperature and with a cell ratio
CR =3. At the submicron dimensions, the different
noise modes of the 6T-SRAM cell in 3C-SiC technology
are directly proportional to the supply voltage Vbp as
shown in Fig. 4, this shows that our cell works correctly
as in the literature [8, 9].

The results show that the noise margins in HSNM
and RSNM modes are the same at low supply voltage
(Vbp <1.5V), as well as the 6T-SRAM cell in 3C-SiC
technology is characterized by a low value of the noise
margin in WSNM mode compared to other noise mar-
gin modes (HSNM and RSNM) in the range of the se-
lected supply voltage.

Increasing the supply voltage increases the SNM
but it simultaneously increases the dissipated power,
which is not advised in digital electronics. For this, the
value of the supply voltage Vpp = 1.2 V is chosen in this
work to decrease the power dissipation.
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3.3 Effect of Temperature on SNM

Temperature is a very important physical parame-
ter in the electrical behavior of electronic components
and circuits [4, 5, 10]. So, to study the influence of tem-
perature on the different noise margin modes, we vary
the temperature from 25 °C to 350 °C.

Fig. 5 shows the evolution of the different SNM
modes as a function of the temperature of the 6T-SRAM
cell in 3C-SiC technology for a supply voltage of 1.2V
and CR = 3. In the temperature range (7'< 300 °C), the
noise margin in HSNM mode decreases remarkably as a
function of the temperature. On the other hand, the two
other noise modes RSNM and WSNM decrease slightly
(remain approximately constant). The different noise
margins of this cell decrease considerably when the
temperature becomes higher than 300 °C as shown in
Fig. 5. This decrease of the SNM is always satisfactory
for our cell according to the literature [11].

3.4 Write Time

Write time (Twite) is defined as the necessary time
for the cell to toggle from one state to another. This
time is measured as the necessary time for @ to reach
90 % of its full voltage. Fig. 6 shows the switching of
the output voltage @ from 0V to 1.2 V of the 6T-SRAM
memory cell in 3C-SiC technology at different tempera-
ture values with a supply voltage Vpop=1.2 V.
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Fig. 6 is used to plot the curve of Fig. 7, that shows
the evolution of the write time as a function of temper-
ature of the 6T-SRAM cell in 3C-SiC technology.

For the 6T-SRAM cell in 3C-SiC 130 nm technology,
the write time is directly proportional to the tempera-
ture variation as shown in Fig. 7. This causes reduction
in the write speed of this cell. This is due to the degra-
dation of the charge carrier mobility when the temper-
ature increases.

The results show that the 6T-SRAM cell in 3C-SiC
submicron technology is characterized by a high write
speed, and that it always remains functional at high
temperatures about 350 °C, due to the good thermal
properties of the 3C-SiC semiconductor.

Table 1 shows the properties of our 6T-SRAM cell in
3C-SiC 130 nm submicron technology, as well as the com-
parison between our results and those in the literature.

Table 1 — Properties of 6T-SRAM in 3C-SiC compared to other
different 6T-SRAMs

Referenced Technologyl Vop| Power Twrite | RSNM
(nm) (V)| dissipation | (ns) (mV)
[12] 180 1.8 519.7nW | 0.1913 350
90 1.2 | 59.58 nW | 0.5141 170
[13] 180 1.8 [1.0909 mW | 21.981 200
[14] 180 1.8 1.69 uyW 0.267 400
[15] 130 1.5 76.5 uW / 300
[11] 130 1.2 / / 180
1.2 27 nW 0.305 320
This work 130 1.5 37 nW 0.219 390
1.8 48 nW 0.184 440

The write time is inversely proportional to the vari-
ation of the supply voltage of the 6T-SRAM cell in 3C-
SiC 130 nm submicron technology as shown in Table 1.
This leads to an increase in the write speed of this cell.
The results obtained show that the 6T-SRAM cell in
3C-SiC designed using 130 nm technology is character-
ized by low power dissipation, a high write speed and a
large noise margin in RSNM mode compared to other
cells which have used 180 nm and 130 nm technologies,
even those which are designed using 90 nm technology
[12] proposed in the literature.
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4. CONCLUSIONS

This work focused on the design and the study of
SRAM in 3C-SiC 130 nm technology. During this work,
we simulated this cell according to the study of static
noise margin (SNM), the effect of the cell ratio (CR) and
the supply voltage on functioning, as well as the effect
of temperature on the noise margin and the write time.

REFERENCES

1. M. Hebali, M. Bennaoum, M. Berka, A.Baghdad Bey,
M. Benzohra, D. Chalabi, A. Saidane, <J. Elect. Eng. 70 No 2,
145 (2019).

2. L. Latu-Romain, M. Ollivier, Silicon Carbide Onedimen-
sional Nanostructures (ISTE Ltd: WILEY-Library of Con-
gress: 2015).

3. J.-Y. Lee, S. Singh, A. James, IEEE Trans. Electron Dev. 55,
8 (2008).

4. M. Hebali, D. Berbara, M. Benzohra, D. Chalabi, A. Saidane,
A. Baghdad Bey, J. Eng. Sci. Technol. Rev. 10 No 5, 195 (2017).

5. D. Berbara, M. Hebali, M.A. Abid, M. Benzohra, D. Chalabi,
A. Saidane, Advances in Engineering: an International
Journal (ADEIJ) 2 No 1, 1 (2017).

6. M. Hebali, D. Berbara, M. Benzohra, D. Chalabi, A. Saidane,
International Journal of Advances in Computer and Elec-
tronics Engineering (IJACEE) 3, 9 (2018).

7. M. Hebali, D. Berbara, M.A. Abid, M. Benzohra, D. Chalabi,
A. Saidane, M. Berka, International Journal of Advances in
Computer and Electronics Engineering (IJACEE) 3, 11 (2018).

8. B.H. Calhoun, A.P. Chandrakasan, IEEE J. Solid-State Circ.
41 No 7, 1673 (2006).

JJ. NANO- ELECTRON. PHYS. 12, 04024 (2020)

The results obtained showed that the write static noise
margin (RSNM) increases when the cell ratio increases
and/or if the supply voltage increases, while the margin
decreases and the write time increases with tempera-
ture rise. Also, the cell produced has good characteris-
tics in terms of low voltage, low power, submicron di-
mension, and temperature resistance; this is what is
required in embedded electronics.

9. D. Singh Rajput, M. Kumar Yadav, P. Johri, A.S. Rajput,
International Journal of Engineering Research and Appli-
cations (IJERA) 2, 4 (2012).

10. M. Hebali, D. Berbara, M. Benzohra, D. Chalabi, A. Saidane,
M. Bennaoum, Sensor Lett. 15 No 4, 328 (2017).

11. M. Kutila, A. Paasio, T. Lehtonen, IEEE International Sym-
posium on Circuits and Systems (ISCAS-2014) (Melbourne
VIC: Australia: 2014).

12. S. Rath, S. Kumar Panda, 2nd National Conference on
Mechatronics Computing and Signal Processing (MCSP-
2017) (Bhubaneswar: India: 2017).

13. K. Verma, S. Kumar Jaiswal, D. Jain, V. Maurya, Fourth
International Conference on Computational Intelligence and
Communication Networks IEEE (Mathura: India: 2012).

14. V. Kumar Joshi, A. Craig Lobo, Ninth International Con-
ference on Advanced Computing & Commaunication Tech-
nologies (ICACCT-2015) (Panipat: India: 2015).

15. W. Kong, R. Venkatraman, R. Castagnetti, F. Dnan, S. Ramesh,
Symposium on VLSI Technology. Digest of Technical Papers
(IEEE Cat. No.01 CH37184) (Kyoto: Japan: 2001).

Komipka mam'ati 6T-SRAM 3 HagHU3bKHUM €HEepProcroKkuBaHHaM, Bucokum SNM, meBugkogiero
i Bucokor remmneparypoio B 3C-SiC 3a 130 um Trexuonoriero CMOS
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V¥ poGori Oys10 BUBYEHO eJleKTpuuHy mmoBemiHKy Komipku mam'sti 6T-SRAM B 3C-SiC 3a 130 HM TexHOJIO-
rietro CMOS. Busuenns BBy crissigaomenHsa komipok (CR), manpyru sxusiaenssa (Vop) i remnepartypu (1)
Ha craTUdHAR 3amnac mymy (SNM), a Takosk BILIMBY TeMIIepaTypH Ha Jac 3aIlkCy IIOKAa3aJo, M0 Taka KOMIpKa
XapaKTepU3yeThesA HU3LKOI IoTys:kHICTI0 (P =27 HBT), BUCOKOI MIBHOKICTIO (Yac 3aImcy Twite = 0,305 He) 1
mmpokuM 3anacom mrymy (RSNM = 320 mB), a Taxoxk mpairioe mpu Hu3bKi# Hampy3si Vop = 1.2 B 1 Bucokiit Te-
wmrepatypi 1o 350 °C. IlopiBHstHHES 3 JiTepaTypor IoKa3aso, mo komipka mam'sti 6T-SRAM B SiC 3a 130 am
texHosiorielo CMOS xapakrepr3yeTbes TapHOI eJIEKTPUYHOI0 ITOBEIIHKOI0 Ta BACOKUMH €JIeKTPUIHUME Xa-

PaKTepPUCTUKAMI.

Kmiouosi cnosa: 3C-SiC, BSIM3v3, CMOS, 130 um TexnHosoris, SRAM.
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