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In nowadays technology, the primary memory structure widely used in many digital circuit applica-
tions is a six transistor (6T) Static Random Access Memory (SRAM) bit cell. The main reason for minimiz-
ing memory bit cell to nanodimensions is to provide the SRAM integrated circuits (ICs) with the possible
largest memory size per one chip, and the main unit in 6T SRAM bit cell is the MOSFET. One of the new
MOSFET structures that overcome conventional MOSFET structure problems under minimization to-
wards nanodimension is the silicon nanowire transistor (SINWT). This study is the first to explore and op-
timize the nanowire ratio of driver to load (Kp/K1) for a six n-channel SINWT-based SRAM bit cell. The
MuGFET simulation tool has been used to calculate the output characteristics of each transistor individu-
ally, and then these characteristics are implemented in the MATLAB software to produce the final static
butterfly and current characteristics of nanowire 6T-SRAM bit cell. The demonstration of the driver to load
transistors’ nanowires ratio optimizations of nanoscale n-type SINWT-based SRAM bit cell has been dis-
cussed. In this research, the optimization of Kp/Kr will strongly depend on inflection voltage and high and
low noise margins (NMs) of butterfly characteristics. The improvement of NMs of butterfly characteristics
has been done by increasing the drain current (Iss) of the driver transistor. Also, the optimization in princi-
ple will depend on whether NMs are equal and high, and the inflection voltage (Vi) is near to Vai/2 values
as possible. These principles have been used as limiting factors for optimization. The results show that the
optimization strongly depends on the nanowire ratio, and the best ratio was Kp/Kz = 4. The increase in
Kp/K1 leads to a continuous increase in NMu, acceptable NML and low percentage increment of static pow-
er consumption (AP %) at Kp/K1, = 4.
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1. INTRODUCTION

In nowadays technology, the primary memory struc-
ture widely used in many digital circuit applications is a
six transistor (6T) Static Random Access Memory
(SRAM) bit cell. Design of the integrated circuits (ICs)
with higher possible integration (higher number of
transistors per unit area) was considered the main Si
technologies’ goal in recent days, and SRAM chips are
not exempt of this rule. The main reason for this issue
is to provide the SRAM ICs with the possible largest
memory size per one chip. The downscaling of conven-
tional silicon metal-oxide-semiconductor-field-effect
transistor (MOSFET) to nanodimensions produces
many limitations. The researchers investigate new
structures for FETs to overcome the downscaling limits
of covenantal MOSFET structures. One of these struc-
tures is the silicon nanowire transistor (SINWT) that
has been widely investigated and studied under both
the academic and semiconductor industry fields [1-6].
The research studies that have been published recently
related to nanotransistors have focused on the charac-
terization of these transistors in a wide range of appli-
cations in electronics, biomaterials, medicine, and ener-
gy production [7-20].

Fig. 1 represents the circuit diagram of the NMOS
SRAM bit cell. This circuit has a MOSFET 6T SRAM bit
cell consisting of two NMOS logic inverters (n-SiNWT-L
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and n-SINWT-R load transistors and n-SiINWT-L and n-
SINWT-R driver transistors) and two transistors as a
pass-gate to control the in (write) or out (read) bit.
When the control signal word line (WL) is enabled, the
pass-gate transistors are turned on and then the stor-
age nodes (LN and RN) are connected to the vertically
running bit lines (BL and NBL). That is, these transis-
tors allow access to the cell for read and write opera-
tions, acting as bidirectional transmission gates.
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Fig. 1 — The circuit diagram of the NMOS SRAM bit cell
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2. METHODOLOGY

In this research, a new model discussed in [21] has
been used to investigate the static characteristics of an
n-SINWT NMOS SRAM Dbit cell. The designed
MATLAB program has been used to calculate the work-
ing points of the load and driver n-SiINWTs that are
connected as NMOS cross-coupled logic inverters in
SRAM. The MATLAB program also calculates the but-
terfly and Is-Va characteristics of the SRAM bit cell
based on the individual output characteristics of each
load and driver SINWTs [21]. The MuGFET tool [22,
23] has been used to produce the output characteristics
of each transistor individually. These characteristics
are then implemented in the MATLAB program to
produce the final static butterfly and current character-
istics of a 6T SRAM bit cell [21].

The ratio of nanowires of driver to load SINWTSs has
been chosen to make the SRAM bit cell work in the
best possible conditions. The nanowire ratio (Kp/KL) is
the driver to load transistors (where K is the number of
nanowires). The constant parameters illustrated in
Table 1 have been used to study the effect of nanowire
ratio on the SRAM characteristics.

In this research, the optimization of Kp/Ki will
strongly depend on the improvement of the noise mar-
gins (NMs) of the butterfly characteristics by increas-
ing the drain current (I4s) of the driver transistor. Also,
the optimization will depend on whether NMs are
equal and high, and the inflection voltage (Vinf) is near
to Vaa/2 values as possible. So, these parameters under
such conditions are used as limiting factors. The best
inverter has (as possible) equally low NML and high
NMz values. Both NML and NMu must have high val-
ues, and the Viyr must be close to the Vad/2 value.

Table 1 — SINWT parameters used in this study

Parameter Value
Length of channel 30 nm
Length of source 10 nm
Length of drain 10 nm
Diameter of channel 20 nm
Thickness of insulator SiO2 2 nm

Concentration of channel 1-10%%/cm3 (p-type)

Concentration of source and drain 1-1020/cm3 (n-type)

3. RESULTS AND DISCUSSION

The butterfly characteristics of a 6T (n-channel
SINWT) NMOS SRAM bit cell with different Kp/Kr are
illustrated in Fig. 2, where Kp/K1=3,5,7,...,21 and
Vaa=1V. From Fig. 2, it is clear that a decrease in the
inflection point with increasing driver to load nanowire
ratio (Kp/KL) can occur due to an increase in nanowires
in driver SINWT. According to Fig. 2, the increase in
Kp/Ki, results in an increase in both noise margins NMyL
and NMgu but without reaching the optimized value
Vad/2 (0.5 V). NMu and NML are the high- and low-state
NMs, respectively. Fig. 3 shows the current characteris-
tics of a 6T (n-channel SINWT) NMOS SRAM bit cell
with different Kp/Ki, where Kp/Ki, varies from 3 to 21
with a step of 2 and Vaa=1 V. From Fig. 3, the current
increases at the inflection point with increasing Kp/K.
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Fig. 2 — The butterfly characteristics of 6T (n-channel SINWT)
NMOS SRAM bit cell with different Kp/Kr and Vag=1V
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Fig. 3 — The current characteristics of 6T (n-channel SINWT)
NMOS SRAM bit cell with different Kp/Kr, and Vaa=1V

Fig. 4 illustrates the variation of NMy, NMu and
Vinf with increasing Kp/Kr. As shown in Fig. 4,
Vaa =1V has an optimization point in which NMn and
Vinf curves intersect, and NML can be closer to the Vaa/2
line. Moreover, Fig. 4 illustrates that NML and NMu
have better values at Kp/Kr = 4.

According to Fig. 4, the increase in Kp/Ky, leads to an
increase in NML up to Kp/Kr = 4, while NML=0.12 V at
this point, and then decreases slightly, and NMHu con-
tinuously increases exponentially with increasing
Kp/K1, value. NMu and NML are the high- and low-state
NMs, respectively. Then the best value (depending on
NMs curves) of Kp/Kr will be 4 at an acceptable value
of NML =0.12 V and an excellent value of NMu=0.3V
and inflection voltage Vinr=0.331 V, because these values
are very close to reaching the optimized value of 0.5 V.

Fig. 5 illustrates the normalized value of NML to
Vaa/2 with Kp/Kr value. According to this curve, the
optimized critical value of Kp/KL is 4 at 12.5 % of Vud/2,
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while at Kp/Kr =5 it decreases to 12.1 % and decreases
to 9.4 % at Kp/Kr, = 19. This means that it is possible to
use 4 as an optimized value according to NMs as limi-
tation parameters.
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Fig. 4 — Variation of NMr, NMu and Vi with increasing Kp/Ki,
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Fig. 5 — Normalized value of NML to Vaa/2 with Kp/Kr
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Fig. 6 — The output current (L) and percentage increment of
static power consumption (AP %)

Fig. 6 shows the current Iis and percentage incre-
ment of static power consumption (AP %) in SRAM cell
characteristics. Current characteristics increase with
increasing Kp/Kr, while the percentage increment of
static power consumption decreases with increasing
Kp/Kr. According to Fig. 6, it is clear that AP % at
Kp/K1, = 4 is half the power at Kp/Kr, = 3, so the optimal
Kp/Kr value must be 4 depending on both NMs and
AP % in the SRAM cell.
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VY cydacHUX TEXHOJIOTISIX MEePBUHHOI CTPYKTYPOIO HMAM'SATI, KA ITHPOKO BUKOPHUCTOBYETHCS ¥ 0AraThox
momaTkax IMppoBux cxeM, € 6T 6iToBa KoMipka i3 craTu4HOoo ornepatuBHOK0 mam'strio (SRAM). OcHoBHOO
IIPUYUHOI MIHIMI3aIrii 61TOBOI KOMIPKHM ITaM'sITi JO HAHOPO3MIpPIB € 3a0e3MeUeHHs 1HTerpaIbHIUX MIKPOCXEM
SRAM Ha#OLIIBIN MOKINBAM OOCATOM ITaM'ITI Ha OJHY MIKPOCXEMY, a OCHOBHOIO dacTuHOo 6T 6iToBOI KOMI-
pxu i3 SRAM e MOSFET. Onniero 3 HoBux crpykryp MOSFET, ki mosaiors 3Buyaiii IpobJieMu CTPYKTYPH
MOSFET npu miHiMisatiii 10 HAaHOPO3MIpiB, € KpeMHieBUI HaHoaporoBuil Tpauaucrop (SINWT). Ile mociri-
JPKEHHsI € IepIIM, 1[0 BUBYAE TA ONTUMI3ye CIIIBBIIHOIIEHHS HAHOAPOTIB JapaiiBepa Ta HABAHTAMKEHHS
(Kp/K1) nos mectu n-kaHasibHOI 6iToBol komipku 13 SRAM na ocaoBl SINWT. 3aci6 mogemoBanus MuGFET
OyB BHUKOPHCTAHUM JJIsI PO3PAXYHKY BUXITTHHUX XapPAKTEPUCTHK KOYKHOTO TPAH3WCTOPA OKPEMO, a MOTIM ITi
XapaKTepUCTUKHU Oyu peasisoBani B mporpamaomy 3abesneuenni MATLAB mist orpuManss KiHIIEBUX CTa-
TuuHUX xapakrepuctuk 6T 6iTorol komipru i3 SRAM. O6roBopeHo ONTUMIZAIIIIO CITIBBIIHOIIEHHST HAHOIPO-
TiB ApaiiBepa Ta HABAHTAMKEHHs HAHOPO3MipHOI 6iToBoi KoMipku i3 SRAM ma ocuosi SINWT n tumy. ¥V po-
60Ti onTuMisaris cuiBBigHonIeHHS Kp/K) Oy/1e CHIBHO 3ajIeaTy BiJf HAIIPYTH [IEPErHHy Ta BUCOKUX 1 HU3b-
kux momycrumux piBHiB mrymiB (NMs) xapakxrepuctuk. Ilokpamenns NMs xapaxkrepucTur 0yso 3aificHEHO
3a paxyHOK 301blIeHHs cTpyMy cTORY (Iis) IpaiiBepHoro Tpanaucropa. Kpim Toro, onTumisaiiiss B IpUHIMII
Oyme saseskatw Bif Toro, un € NMs piBHMMHE Ta BHCOKMMH, a Hampyra neperury (Vi) HaOIuKaeTbesa 10
3HaYeHb Vid/2, HACKIJIBKY 1ie MOKJINBO. L[1 MPUHIINIIN BUKOPUCTOBYBAJIUCH K 0OMEKYBAJIBHI (hAKTOPH JJIst
omTuMisaliii. Pesysbraty moOKasyoTh, 110 ONTHUMI3AIiA CHJIBHO 3aJIKATD BiJ CIIIBBIIHOIIEHHS HAHOAPOTIB,
a HaWKpaluM cIiBBigHOmIeHHAM Oys1o BusasiieHo Kp/Kr = 4. 30inbimensus Kp/K;, Tpu3BOIATE 0 IIOCTIHOIO
30utbmrenss NMu, npuitaaraoro NML Ta HH3BKOr0 MPOLIEHTHOIO IIPUPOCTY CIOKUBAHHS CTATUYHOL eHeprii
(AP %) pu Kp/K1, = 4.

Knrouogsi ciosa: MS Word, SRAM, SINWT, Haumoxpir, N-MOS, Komipra mam'sri.
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