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ABSTRACT 

 

SRAM is widely used type of memories in low powered consumer electronics. In fact, the majority of 

transistors found in many integrated circuits are those utilized in the SRAM bit cells with the percentage 

die occupied by this type of memory approaching 85%-90% integrated circuits. With the rise in demand 

for the low power high-speed devices, like smartphones and tablets, and the emergence of IoT devices, the 

need for scaling down SRAM has become a necessity. Since SRAM is typically constructed from traditional 

CMOS devices, all of the issues associated with MOSFET scaling are applicable to scaling of SRAM.  

This work focuses on the study of the 6T FinFET SRAM, its advantages and disadvantages over MOSFET 

based 6T SRAM and different performance metrics such as delay time, power delay product (PDP) and 

static noise margin (SNM). A standard 6T SRAM cell is realized using predictive technology models (PTM) 

at 7nm, 10nm, 14nm ,16nm and 20nm technology nodes. These are evaluated and compared for previously 

mentioned performance metrics. Furthermore, the SRAM cell was power gated using fine grain gating 

technique and then compared with standard cell SRAM. The goal is to identify the trends for different 

parameters at different technology nodes. The models were then simulated in a variable temperature 

environment. The results conclude that the 7nm FinFET SRAM cells performs better at all aspects and the 

most resilient under variable temperature, as suggested theoretically, followed by SRAM cells at 10nm 

,14nm, 16nm and 20nm nodes. It was also concluded that the gated versions of SRAM cells perform poorly 

then their standard counter parts but have improved PDP and lower power dissipation. 
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CHAPTER 1  

INTRODUCTION 

1.1. OVERVIEW 

The rising popularity for the on-the-go computing power and internet of things (IoT), in the modern 

technological era, has created a demand for low power electronics devices with greater memory 

capabilities to cater to various processing needs. The sizes of these memories are constantly 

shrinking in accordance to the Moore’s law, however, this trend cannot continue past a certain 

threshold due to the physical limitations and drawbacks of traditional complementary metal oxide 

semiconductor (CMOS) devices. Before the CMOS logic, the widely used logic devices were 

transistor to transistor logic (TTL) and emitter coupled logic (ECL), however, they weren’t 

particularly good for the low power applications because of their higher supply voltages and 

threshold voltages as compared to the CMOS. [1-5]  

Initially the CMOS was a promising candidate towards the new trend of ultra-low power electronic 

devices. It remained like that for decades before reaching its limit. It turned out that with each 

scaling iteration of the CMOS manufacturing process, the parasitic passive elements began to 

surface. The reduction in the supply voltages and threshold voltage lead to the increasing 

subthreshold leakage. To tackle this issue various novel devices have been suggested. One such 

device is FinFET. [6-8] 

FinFETs have been known to be successfully scaled to 7nm process by TSMC limited (Taiwan 

Semiconductor Manufacturing Company) and are being used in several consumer electronics such 

as ARM processors, GPUs, ASIC cards, etc. This has been possible owing to dramatic decrease in 

short channel effects and lower power dissipation of the FinFET technology. Since every digital 

system out there uses some sort of memory and memories occupy a large area on the die. Hence 

changes in the memory in terms of power dissipation or speed can affect the whole systems. For 

these reasons the memories have been an active field of study from the day of their perception. 

Today, a system can have two or more different types of memories. In a typical embedded or IoT 

system, we have a at least two different type of memory. The type of memory is generally decided 

by the embedded or IoT system and its envisioned application. To design an embedded or IoT 

system, the programmer has to keep in the memory footprint of the program as the memory comes 

at a premium. [9-11] 

1.2. TYPES OF MEMORIES 

Computer memories can be broadly categorised, based on their data retention capabilities, into 

volatile, memories that loose data when power supply to the memory is disconnected, and non-

volatile, memories that retain data without an external power source. Non-volatile memory can be 
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classified as a secondary memory. Some example of secondary memories are hard disk drives, USB 

pen drives, solid state drives, etc. They are mostly used as a long-term data storage utility. Volatile 

memories in contrast are referred to as the primary memory or the main memory of a computing 

system. These memories are mainly used as RAM (Random Access Memory) and cache memory 

due to their higher speed of operation i.e. the read and write operations [12-13]. 

 

Figure 1.1 Classification of primary memory based on data retention capabilities [1] 

 

Based on the usage patterns the memory is classified as shown in Figure. 1.2. Some of them are 

discussed in brief in the following section. The main scope of this thesis focuses mainly on the 

Random Access Memories (RAM) and more specifically on Static Random Access Memories 

(SRAM) which are discussed in detail in later sections. [3] 

 

Figure 1.2 Classification of memory based on usage [1] 
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1.2.1. Secondary Memory 

The secondary memory is used to the store the data for long term usage. They are usually 

cheaper to manufacture and have high storage density and are the slowest form of computer 

memory. These can be further classified based on the how the data the stored and accessed from 

the memory as follow. [13] 

1.2.1.1. Sequential 

Data can only be accessed or written in a sequential manner i.e. each block of data can be 

written or read to or from sequential memory locations. 

 Magnetic Tapes: As the name suggests, they use a magnetic tape or reel. The 

magnetic material on the tapes can be magnetically manipulated by a tape head, a type 

of transducer and a motor to move the reel. They are also known as Tape Drives. The 

tape head would rest on top on the moving reel, picking up fluctuating magnetic fields 

and translating them into electrical signals. Since the tape requires a fluctuating 

magnetic field that makes data analogue in nature hence random access of the data is 

not possible as for fluctuating magnetic field requires a constant movement of the reel.  

1.2.1.2. Random 

These memories are mostly digital in nature and the data is stored in the form of blocks or 

sectors. Each block has its own physical address which can be used to retrieve or write data 

individually without disturbing any other data and thus the name, random memories. There 

are variety of random memories available today some of them are: [10-13] 

 Floppy Disk Drives: The basic working principle is same that of the magnetic tape, 

however, instead of plastic reel coated with magnetic materials it uses a disk. The disk 

is divided into sectors and each sectors is further divided into blocks. The read/write 

head also moves in tandem with the disk unlike the magnetic tape where it was 

stationary. This is one of the slowest memory and has some of the lowest capacities 

(in several MBs) and hence has no practical use today’s high speed computing 

environment. [10] 

 Hard Disk Drives: The basic principle of working is same as that of a Floppy Disk 

Driver. It uses a magnetised metal disk instead of a plastic one which makes it durable 

and reliable that corresponds to higher RPM drives ranging from 5400 to 10000 rpm. 

The data capacity is also very high (in Terabytes). These are the most widely adopted 

type of secondary memory in use today. 

 Compact Disks: These are light weight, low cost optical data storage devices. The 

data is stored on sectors on plastic disc with a reflective coating of aluminium or gold. 
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It uses a laser to read/write data to and from the disk. These are easy and economical 

to manufacture and can hold decent amounts of data (800MB – 25 GB) depending 

upon the type. Compact Discs are faster than a floppy disk but are way slower 

compared to a HDD and hence are mostly used to share data or temporary data 

backups. Also, these are prone to scratches and corrosion and hence are not very 

reliable.  Although very popular during the 90s and early 2000s, their popularity has 

declined due to advent of cheaper and faster mass storage devices. [11] 

 Mass Storage Devices: These very high speed digital data storage memories. They 

have the highest density of all the secondary type memories. As the name suggests 

they are used for large data storages. They are mostly based on NAND flash logic and 

are able to sustain the data transfer rates (mostly read is higher than write speeds) 

unlike other memories. The common examples of such memories are USB thumb 

drives, solid state drive, SD cards, etc. [13] 

1.2.2. Primary Memory 

Primary memory memories are the which are internally used by a computing system to perform 

high speed memory task. Such memories are usually faster than the secondary memories with 

transfer rates in several gigabits per second.  

1.2.2.1. Read Only Memory 

As the name suggests, it allows only data read and data cannot be written or further 

modified. However, certain ROMs allow for this while other strictly not at all. It is mostly 

non-volatile in nature that means it can retain data even after the supply is turned off. 

Although fast, manufacturing them in larger capacity reaches point of diminishing returns 

economically hence ROMs are primarily used for storing small program software such as 

computer BIOS or firmware in embedded systems. [13] 

 PROM: Programmable ROM, is essentially a ROM which can be programmed just 

once. The data cannot be altered once programmed.  

 EPROM: Erasable and Programmable ROM, as the name suggests, are 

programmable and can be re-programmed multiple times. However, the process of 

reprogramming is slow and complex. It requires an ultraviolet light to be flashed upon 

a small window on the EPROM chip to erase the data after which it is ready to be re-

programmed. 

 EEPROM: Electrically Erasable PROM, also known as E2PROM, works similarly 

as EPROM except that it doesn’t require methods like shining ultraviolet on it to erase 

it. It can be reprogrammed on-board using external or on-board programming circuits, 

which is way faster than taking off the chip from the board. For this reason, it has 
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gained a lot of popularity in embedded applications where rapid prototyping is a 

necessity. 

 

1.2.2.2. Random Access Memory (RAM) 

Random Access memory provides the ability for the data to be written or read from any 

random memory location. This means that the highest possible time (worst case scenario) 

is same for every bit of data regardless of its location on the memory. [14] 

 DRAM: In consumer electronics industry DRAM is generally marketed simply as the 

RAM or the main memory of a device or a product. A typical DRAM memory cell 

consists of only a one transistor which translates to lower die area and higher memory 

density. This in turn makes DRAM inexpensive and widely used as the main memory 

for the computing devices. Also, from a marketing perspective, it is beneficial for the 

manufacturers to advertise the higher capacity of the DRAM (in Giga Bytes) rather 

than the lower capacity of SRAM (in Kilo Bytes or Mega Bytes depending upon the 

use case), albeit faster. However, DRAM require complex sensing and refresh circuitry 

which are costly and is topic of research. The data bits stored in DRAM cell using a 

capacitive structure. Hence data corruption due to charge leakage from the capacitors 

is a major concern. However, this problem is addressed by previously mentioned, 

complex refreshing circuit, which continuously refreshes the DRAM cells [14-18]. 

The inherent problem of DRAM of charge leakage and continuous refreshing 

causes DRAM memories to consume a lot of power when idle and hence are not 

suitable for embedded system applications that require to be operated in low power 

conditions. In addition, there exists a significant charging and discharging time 

associated with the capacitors that limits the speed of DRAM memory and hence are 

generally slower than SRAMs. SRAM eliminates the use of capacitors in favour of 

cross-coupled inverters or a latch circuitry for data storage, which eliminates the 

Figure 1.3 A typical DRAM cell. The transistor is used to access the 

capacitor by making the address line high ‘1’ [12]. 
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disadvantages of the DRAM. DRAM also exhibits the property of data remanence i.e. 

data is retained by the DRAM cells even when it is powered down especially at lower 

temperatures. This property can be used for cold-boot hacking which is a security 

concern [12-14].  

 SRAM: Static Random Access Memory, Unlike the DRAM, it uses a bi-stable multi-

vibrator circuitry to store the data. The data is stored as long as it is powered on while 

DRAM needs to be refreshed after repeated intervals. SRAMs are inherently faster and 

are used in cache memories which needs to be in sync with the speed of the processor. 

SRAM is discussed in great detail in later sections. 

 

1.3. MEMORY HEIRARCHY 

Typically, a system uses not just one but several different type of memories. More often than not, 

an embedded system has to be both fast and economical. In such scenarios, choice and amount of a 

several type of memory is the key. As we have known by now that different memories work with 

different speeds and have varying cost and die area penalty. Typically, the cost of high speed 

memories is high and hence they are incorporated in a very small percentage for specific high 

priority task. The cheaper and slower memories are mostly used in abundant which are to be used 

for generic purposes. [14-18] 

The memory hierarchy generally follows four key levels. 

1. Internal memory – includes CPU Registers and cache memory. 

2. Main memory – includes System RAM (DRAM) 

3. On-system mass storage – constitutes the Secondary storage (HDD, SD cards, etc.) 

4. Off-system mass storage – as called as Tertiary or removable storage. 

To understand the flow of data we can think of an example where a set of instructions stored in a 

hard drive needs to be processed. The instructions in questions are stored in hard drive are already 

on the third stage of the hierarchy. From here the operating system of the system (say Windows) 

loads on the second stage that is the main memory. They stay there until the processor is ready to 

process the instructions. Once ready, few instructions from the set of instructions are moved on the 

cache memory. Depending upon the application and cost of system there can be several levels of 

cache memories. The instructions are further broken down to several moved to the processor 

registers from where they will be directly processed. The generated output will follow the same 

hierarchy back to the hard drive. [15] 

One might argue that instead of following the hierarchy, data can be directly sent to the processor. 

The only problem here is that the processors are generally much faster than the secondary memories. 
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So, once the processor has finished executing one instructions it has to wait being idle until next 

instructions is fetched, effectively bottlenecking the system. 

The counter argument to this would be to use only the cache memory. Theoretically, it would make 

the system faster in more ways than one but the fundamental problem with this is that the cache 

memories are volatile. Also, the cost and area penalty are too high to even build such a system. In 

an embedded system, miniaturisation is the keyword. So to keep the die sizes and cost minimum, 

smaller cache memories are built into the chips. 

 

Figure 1.4 Memory Hierarchy 

 

The cache memory which is the fastest memory of any system is basically an SRAM. There can be 

various levels of cache memory depending upon the use case of the system in question. In a modern 

household computer system there are three tiers of cache memory inside of a CPU, namely L1, L2 

and L3 level caches. L1 being the fastest and  L3 being the slowest yet significantly faster than the 

DRAM/main memory. The level 1 or L1 cache typically comes with a capacity of several kilobytes 

while the L2 and L3 are in the range of 2-16 megabytes depending upon the need of the system. 

Cache memories also helps to implement  the  concept of pipelining and it can be seen in large 

amounts of cache memories being used in multi-threaded applications in server systems and even 

in consumer grade hardware with multiple CPU cores. [14-18] 

In small scale embedded applications like temperature sensing or switching applications, where too 

much information is not processsed, we only see basic implementation of cache memories limited 

to only L1 cache. This hugely brings down the cost and the complesxity of the embedded devices. 

In some advanced embedded applications that requires onboard data processing there can be upto 

two levels of cache memory. However, with the advent of the smartphone era and the increasing 

ddemand for the handheld processing power, we are beginning to see three levels of cacche memory 

in this segment of technology too. Hence the need to miniaturise the foot print and power 

consumption of SRAM is a major topic of research. It is interesting to notice that SRAM takes upto 

90% of the die area in an SoC or CPU [12]. 

 

Tertiary 
Memory 
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Secondary 
Memory

Main/System 
Memory

Cache 
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1.4. SRAM 

SRAM is a type of semiconductor memory that incorporates the use of a flip-flop or a latch circuit 

to store data bits. A bi-stable multi-vibrator is a circuit, which is stable in either of the two states. 

Most flip-flops are bi-stable in nature i.e. they will either store a ‘1’ or a ‘0’ [15-18].  

A typical SRAM cell counters the drawbacks of the DRAM. It does not use capacitors and hence 

there is no need of a complicated refresh circuit and lower power dissipation. A typical SRAM cell 

comprises of six transistors, of which two are access transistors and rest make up the latch circuitry. 

This, however, results in increased footprint of the memory cell, reducing the memory density and 

making it costly. Hence, manufacturers use SRAM conservatively across different computing 

devices depending upon the application. In most modern day computer, SRAM is fabricated 

alongside CPU on a single IC. Mainly used as a bridge between low speed main memory (DRAM) 

and faster CPU clocks [14]. 

 

 

Advantages of SRAM over DRAM: 

1) Lower power consumption 

2) No refresh circuitry is required 

3) Reliable (data corruption while reading) 

Even though SRAM counter all the drawbacks of the DRAM, but it also exhibits data remenance, 

which is a major security concern. There are certain software techniques developed to counter this 

problem, which flushes data on the RAM and is still a topic of research [13-19]. 

Figure 1.5.  An example of a typical 6T SRAM cell [18] 
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1.5. SRAM WORKING 

Typically, a 6T SRAM cell has two control lines, one BIT line and one WORD line denoted as 

(BL) and (WL) respectively as shown in Figure 1.2. The transistors M5 and M6 are called the access 

transistors for the SRAM cell and transistors M1, M2, M3 and M4 form the bi-stable multi-vibrator 

or cross-coupled inverters, which stores a single bit of data. An SRAM cell operates in three modes 

1) Stand-By mode (the circuit is idle) 

2) Read Mode 

3) Write Mode 

In the stand-by mode the word line is set to ‘0’ (WL =’0’), this turns off the transistors M6 and M5 

which in turn cause the memory cell to be disconnected from the bit lines. The transistors M1 

through M4, together, form two inverters connected in a feedback loop (cross-coupled inverters) as 

long as they are attached to the supply VDD, the data stored stays in the latch until the supply is 

turned on. [14-20] 

In Read mode, the word line is set to ‘1’ (WL = ‘1’), turning on the transistors M6 and M5 

connecting (access transistors) the SRAM cell to the bit lines BL and BLbar. The stored values at 

the nodes, namely, Q and Qbar gets transmitted to the bit lines, that is BL and BLbar. When the 

read operation is performed with Q = Vdd, the SRAM cell effectively corresponds to the schematic 

diagram shown in the figure. 

 

Figure 1.6 Corresponding schematic diagram  of read operation [7] 

When the node Q has reached the threshold voltage of the transistor, M3 (refer to the complete 

SRAM schematic), node Q will experience a drop in the node voltage level but renewing nature of 

the latch (cross-coupled inverters) will try to force the bit in the cell to be flipped. This will corrupt 
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the stored data bit. To prevent this from happening, the transistor M1 should be made strong enough 

so as to avoid the threshold level of the transistor M3 is never achieved by the node voltage at Q. 

During Write mode, for writing ‘0’, the bit line is first lowered to ‘0’ (BL = ‘0’) and bit bar line is 

raised to ‘1’ or VDD (BLbar= ‘1’). The memory cell to be written is picked by pulling-up the world 

line to VDD or asserting logic ‘1’ to it. This will write logic ‘0’ to the cell. For writing logic ‘1’ the 

process is repeated but with values of it lines reversed i.e. BLbar is lowered to logic ‘0’ and BLbar 

is pulled up to logic ‘1’. The cell is selected by asserting the word line and logic ‘1’ is stored in the 

latch. [12] 

This works because the access NMOS transistor M5 and M6 are generally made stronger than the 

inner transistors of the latch to easily override the previous state of the latch. 

The schematic diagram shown in Fig. 1.7 is the equivalent circuit for a write ‘0’cycle, where voltage 

at the node is initially is set to Vdd. When the voltage at node Q starts to go down, at a certain 

voltage level, the PMOS, M2 (refer to the complete schematic for the SRAM cell) gets turned ON. 

This will lead to rise in the node voltage at Qbar and the cross-coupling action of the inverters will 

force the node Q to zero voltage level, that is the write ‘0’ action is completed. 

 

Figure 1.7 Equivalent schematic diagram for write operation [7] 

 

To ensure that the above series of event happen successfully, preventing a write failure, the node 

voltage at Q should never go below the threshold level of the NMOS M4, which can be achieved 

by making transistor M6 is strong.  
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1.6. TYPES OF SRAM 

Based on data retention, SRAM can be: 

1) Volatile SRAM, a typical SRAM cell that losses data once the power is turned-down. 

2) Non-Volatile SRAM or scram performs all the tasks of a typical SRAM with added 

functionality of retaining data when power is switched off. It is used in special applications 

where holding the data is vital, for example, data centres, aerospace, etc. [12-19]. 

      Based on functionality: 

1) Asynchronous SRAM, it is unconstrained of clock frequency and has additional control 

signals, excluding bit lines and word lines, to handle the memory. They are, Chip Select, 

Output enable and Write Enable denoted by CS, OE and WE respectively. CS selects or 

deselects the SRAM chip, when deselected the chip remains in the stand-by mode. OE 

operates the output and WE decides on the read and write cycles. 

2) Synchronous SRAM, have their read-write cycles orchestrated with CPU cycles for high-

speed purposes by using clocks as opposed to the control signals found in asynchronous 

SRAM. 

     Based on memory cell: 

1) 4T (four transistor) SRAM: It has two NMOS pass (access) transistors and other two 

NMOS transistors connected to polysilicon resistor to form inverters. The size of this is 

lesser than the established 6T transistor but is still four measures larger than a conventional 

DRAM cell. 

Figure 1.8.  4T SRAM cell [12] 
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2) 6T (six transistor) SRAM: Even though the 4T cell is smaller, it has several confines 

including high stand-by current owing to resistors, cell is susceptible to noise and soft errors 

since resistance is high and cell is not as fast as a 6T cell. A 6T cell discards all these limits 

by using PMOS in preference to a polysilicon resistor at the load end of the cell. That makes 

it a CMOS flip-flop. This improves speed, noise insusceptibility and lowers stand-by 

current from a 4T cell. 

 

3) TFT (Thin Film Transistor) cell SRAM: To improve the 4T cell structure and condense the 

current flow from the resistor, TFT was developed. It is a resistor constituted as a PMOS 

transistor. The electrical properties alter by controlling the channel of the transistor. The 

performance is, however, is not analogous to a 6T cell but is better than a 4T cell [12-20]. 

 

  

Figure 1.10.  A TFT SRAM cell [12] 

Figure 1.9.  A 6T SRAM cell [12] 
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1.7. FINFET SRAM: THE NEED AND ADVANTAGES 

The major challenge encountered by the semiconductor industry today is curtailing the footprint of 

the SRAM without negotiating on the performance to fabricate better and faster ICs since memory 

populates approximately 94% chip area [19-25]. Diminution in size can occur in two ways. One is 

cell contraction or device modelling and the other is interconnect scaling. Device scaling at 

nanoscale roots problems that are susceptible to the process variation such as variations of doping 

concentrations. The structures like DG-SOI (Dual Gate Semiconductor on Insulator) or FinFET can 

successfully replace the bulk transistors and are scalable without short channel effects (SCE). [14-

15] 

The leakage current in FinFET is stereotypically less than that of MOSFET and has loftier 

scalability for a specified gate insulator thickness [16-30].  

 

FinFet uses an intrinsic body that subdues variability in the performance of the device which are 

caused dopant ions concentration. Whereas, in planar bulk MOSFET, there is a stark process 

variability owing to the severely doped channel. 

1.8. DIFFICULTIES IN THE DESIGN OF MOSFET BASED SRAM 

The short channel effects (SCE) that occur in MOSFET structures ascending into the sub-50 nm 

system necessitate heavy doping [18]. Short Channel Effects in a MOSFET are associated with the 

channel width and source/drain depletion layer width. When they are of the same order, the SCEs 

come into play. This causes MOSFET to behave inversely. There are five distinguishable Short 

Channel Effects, they are: 

1) Punch through and Drain induced barrier lowering (DIBL)  

2) surface scattering 

3) velocity saturation 

4) impact ionization 

5) hot electron effect 

Figure 1.11.  A double gate FinFET [18] 
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The heavy doping roots the mobility of the charge carriers to worsen due to impurity scattering. 

Worsens the sub-threshold swing owing to transverse electric field and upsurges junction 

capacitance.  

The inconsistency in Threshold voltage (Vth triggered by random dopant variabilities is another 

troubling factor for bulk MOSFET at nanoscale regime. It becomes problematic to warranty the 

SRAM stability in large arrays with these deviations, which is a shortcoming for low powered 

embedded applications. However, this can be resolved by just increasing the transistor size, which 

is undesirable for the essential reason of scaling down the device in the first place in order to 

increase the density.  

The huge standby power in SRAM arrays based on bulk MOSFET is the direct result of exponential 

increase in leakage current. Additionally, there can be parametric malfunction caused by the 

inconsistencies in the strength of different devices owing to process variations. These variations in 

device strengths and huge leakage currents makes is excruciating challenge to design a low power 

SRAM. Moreover, scaling down the single gate bulk CMOS devices further than sub-50nm nodes 

is challenging owing of heightened short channel effect (SCE). Because of the greater 

invulnerability to SCE, researches have established that the ultra-thin body double-gate MOSFET 

(DGFET) devices are apt for use in sub-50nm technologies, they also have improved scalability 

and improved on current paralleled to single gate devices. Moreover, DGFETs have insignificant 

junction capacitance, which interprets to lessened circuit delays. Also, they are lightly doped which 

eradicates threshold voltage (Vth) variations due to random dopant fluctuation. 

1.9. FINFET 

After the publication of the famous paper in 1965 by Gordon Moore on the evolution of density of 

transistors on an integrated chip, which prophesied the quadrupling of transistors per chip every 

three or so years. The semiconductor industry was able to stay on it quite remarkably for forty years. 

In 1990’s, the International Technology Roadmap for Semiconductors (ITRS) organization was 

established by the joint endeavour of semiconductor companies and academic world to better 

forecast the future of the industry. Manufactures, however, efficaciously following the road map 

started to happenstance problems as they scaled down the manufacturing process for shorter channel 

MOSFETs. This set in motion for the efforts in developing devices which can surmount these 

challenges, mainly the short channel effects (SCE). The one elucidation to this was to use double-

gate MOS (DGMOS) transistors, which attained a significant reduction in SCEs. This being the 

first step on the way to the development of FinFETs. [26-31]  

The FinFET structure is more or less comparable to a DELTA transistor (fully Depleted Lean-

channel TrAnsistor). The only modification is that the FinFET structure has a dielectric layer called 

the “hard mask” deposited between the gate and the silicon fin as shown in the figure. 
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Figure 1.12 A: DELTA MOSFET, B: FinFET [19] 

 

1.10. SRAM DESIGN BASED ON FINFET 

FinFET has been accepted as the seemly contender for DGFET structure as discussed in the 

previous section. (Figure. 1.6) [20]. Like most MOSFET devices, appropriate optimisation of 

FinFET devices is obligatory to lower the leakage current and upsurge the stability. For example, 

the leakage current in FinFET SRAMs can be reduced by optimising the supply voltage (VD), Fin 

height (Hfin) and threshold voltage (Vth). This can be achieved by enlarging Fin-height, which also 

allows for decrease in VD. [21]. But dropping VD can cause stability problems and hence both 

parameter must be judiciously optimised. Hence, there is a compromise between standby leakage 

current and stability. 

FinFET SRAMs are used to realise memories applications that have a need of rapid retrieval times, 

low power consumption and forbearance to environmental elements. Additionally, they have 

lowermost static power dissipation and are well-matched with prevailing logic process, which 

makes them quite accepted. Associated to CMOS based SRAMs, FinFET based SRAMs have 

higher noise margins and switching speeds [22-32].  

 

Figure 1.13.  6T FinFET SRAM cell [18] 
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The circuit design for a simple 6T SRAM cell is put forward in the Figure. 1.13. For high density 

memories, the cell size must essentially be small. However, the precise read process of the FinFET 

based SRAM cell is reliant on meticulous sizing of access transistor M5 and the pull-down transistor 

M1. The accurate write operation is reliant on the cautious sizing of access transistor M6 and pull-

up transistor M4 as shown in the Figure 1.13. As explicated in [21], the most critical operation in 

terms of complexity is the read operation from the cell. If the access transistor, M5, is miniaturised 

in size, then the pull-down transistor, M1, has to be fashioned big enough so that the inverter, 

formed by the transistors M3-M4, doesn’t accidently flip its output when the voltage rises on the 

Qbar node which inadvertently changes the bit inside the cell to ‘1’. 

As explicated in [21], after the careful selection of transistor sizes for the inverters formed by the 

transistors M1-M2 and M3-M4 the sizing of the access transistors M5 and M6 becomes precarious 

for correct operation. The threshold at which the rationed inverter (M5-M6)-M2 switches must be 

kept below the threshold at which the M3-M4 inverter switches so that the flip-flop formed by the 

inverters can switch states from Q = ‘0’ to Q = ‘1’. It has been established that the performance, 

noise margins, and power are affected significantly by the sizing of the transistors [33-37]. 

Consequently, to optimise the trade-off between power consumption, performance and reliability, 

sizes for n-channel and p-channel FinFETs must be selected carefully. 

1.11. PERFORMANCE MEASURES OF FINFET SRAM 

1.11.1. Static Noise Margin (SNM) 

It is defined as the resistance of a cell to flip through a read operation. SNM is a standard 

quantity of the stability of a SRAM cell.  

 

Figure 1.14  Static noise margin (SNM) for an SRAM cell. The square inside the “butterfly” curve 

shows the resilience of the cell against the DC noise. SNM is described as the length of the side of the 

square. [12]. 
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SNM is computed by the side of the biggest square inside the butterfly inverter characteristics 

of a SRAM cell during a read cycle. Static Noise Margin rests on the threshold voltage of the 

FinFET used in the SRAM cell. A greater threshold voltage (Vth) will lead to a lower drive 

current which will make the writing operation tough and as a consequence, increasing the SNM. 

Henceforth, a higher Vth will result in low power cells with improved stability but at the price 

of performance. FinFETs deliver higher drive currents than MOSFETs can at greater threshold 

voltages allowing them to achieve higher noise margins alongside better write stability [24]. 

1.11.2. Read Noise Margin (RNM) 

It is a quantity of sturdiness against reversing of stored data bits in the cell through a read 

operation [25-38]. A high RNM parallels to a high read stability. To achieve this the pull down 

transistor, M1, has to be made stronger than the access transistor, M5. RNM can also be 

improved by upscaling the pull-down transistor, M1, i.e. n-channel FinFET which inadvertently 

leads to lesser density. Alternatively, RNM can be improved by increasing the gate length of 

the access n-channel FinFET. However, this results in increased delay in the word line, WL, 

impacting the Write Noise Margins. This in turn harms the write performance of the SRAM 

cell. Hence a careful trade-off has to be made to optimise the performance of the SRAM.  

The cell ratio (CR) of a SRAM cell governs the rise in the node voltage that stores the logic ‘0’ 

during a read operation [38-44]. The Cell Ratio (CR) = (W1/L1)/ (W5/L5) is as shown in Figure 

1.13. Cell ratios can determine the voltage drop across the pull-down transistor, M1. A smaller 

CR results in a higher voltage drop resulting in a smaller noise margin at node Q that is able to 

flip the cell. 

1.11.3. Write Noise Margin (WNM) 

It is the performance metric of the maximum bit line voltage (BL) that is sufficient enough to 

cause a change of state, that is flip the stored bit inside the FinFET SRAM cell when the bit 

line is pulled-up to logic ‘1’. A greater Write Noise Margin (WNM) equates to a higher stability 

of the cell [24]. For a faster write operation for bit ‘0’), a stronger access transistor (nFinFET) 

and a weaker pull up transistor (pFinFET enables the node storing logic ‘1’ to discharge faster, 

thereby decreasing the time to write logic ‘0’. Alternatively, WNM is measured as the highest 

BLbar voltage that can flip the status of the cell when BL is pulled-up high. This leads us to the 

conclusions that WNM improves with a weaker pull-up transistor and a stronger access 

transistor which leads to penalty in overall cell area and a reduced read noise margin. 

1.11.4. Power and Delay  

Power consumption of a SRAM determines the application of the device it will be used in. The 

major advantage of FinFET SRAM over the CMOS SRAM is the lower power dissipation with 

a higher drive current owing of lower leakage currents and SCE’s in FinFET [45-46].  
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Propagation delay is dependent upon the SRAM array column height and delays caused by the 

interconnect wires. The concept of subdivision is applied to the SRAM array to lower the delay 

of the SRAM at the cost of increased power dissipation. Since the Power-Delay-Product of a 

device is a constant quantity, henceforth decreasing one increases the other and the other way 

around. Delay can be decreased by upsizing the FinFET but also increasing the power 

dissipation in the process. Nevertheless, reduction in the power dissipation requires longer 

channel length which will resulting in increased propagation delay [47-51]. 
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CHAPTER 2  

LITERATURE SURVEY/REVIEW 

An extensive amount of literature has been studied thoroughly during the course of this thesis. The 

following sections provides with a brief account of the studied material which lead to the discovery 

of the gaps and shortcomings. 

Bin Yu, (2001) et al. [14] in their paper discuss about the challenges in the deep-sub-100nm scaling 

of the conventional planar CMOS transistor. In this paper, they have reported results on a bulk-

silicon planar transistor with scaled down physical length to 15 nm. Significant reductions in the 

energy-delay product and gate delay were achieved experimentally whilst scaling down the 

transistor aggressively. Gate delays of up to 0.29ps and up to 0.68ps for n-channel FET and p-

channel FET, respectively, were exhibited by the purposed 15 nm CMOS devices at a supply 

voltage of 0.8V. They have achieved a record achievement in terms of gate-delay and energy-delay 

product. 

Digh Hisamoto, (2000) et al. [15] put forward “a novel self-aligned double gate Silicon On 

Insulator structure (FinFET) as a Nano CMOS device”. They have highlighted the fact that scaling 

down the conventional bulk MOSFETs down to a sub 50 nm regime has a severe drivability and 

leakage degradation. The proposed FinFET device can be fabricated with the already existing planar 

MOSFET process technologies due to the quasi-planar nature of the double-gate MOSFETs. They 

achieved the desired threshold voltage by fabricating the gate material from boron-doped Si0.4Ge0.6 

for the ultra-thin body device. Their results established that the sub-threshold leakage was well 

contained despite the low channel impurity concentration. No kink effects were observed in the 

saturation region because of the floating body effect. A small saturation current was observed since 

after the dry etching; the sacrificial gate oxidation was not used. The DIBL (Drain Induced Bias 

Lowering) effect was also studied. The experimental results showed a stronger DIBL effect. Hence, 

to sufficiently small to suppress DIBL, a smaller Si-fin width than the gate length is sufficient. Their 

paper demonstrated following key features. 

1) Even with 17nm gate length, the self-aligned double gate commendably subdues short 

channel effects. 

2) Threshold voltage can be achieved accurately by using Si0.4Ge0.6 gate for ultrathin body 

MOSFET. 

3) The Gate is “self-aligned” to the Source/Drain, which is also raised up to moderate parasitic 

resistance. 

Azeez J. Bhavnagarvala, (2001) et al. [26] have discussed the influence of the intrinsic device 

variations on the CMOS SRAM cell steadiness. They studied the effects of the intrinsic threshold 

voltage variations on reductions in the static noise margin (SNM) in homogeneously doped 
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MOSFETs. Compacted physical and stochastic models were used to achieve the purposed study. 

They found that for sub-100nm CMOS process, six sigma deviations in SNM due to intrinsic 

oscillations were enough to exceed the nominal SNM. These big departures cause serious 

hindrances to the scaling of the channel length, transistor density and supply voltage scaling for the 

standard 6T CMOS SRAM cells. Their study concluded with new stochastic and physical models 

for 6T CMOS SRAM cell SNM, that are able to correctly assess the influence of stochastic 

variations in device threshold voltage, due to random dopant atoms placements, on the cell stability.  

Byung-Do Yang, (2005) et al. [27] put forth a design for a low powered SRAM using local sense 

amplifiers and a hierarchical bit line (HBLSA-SRAM). Their proposed SRAM model has both 

reduced write swing voltages and capacitance of the bit lines. They were able to achieve lower write 

power consumption without affecting of degrading the noise margin. This was achieved by applying 

a low swing and full swing signal to high capacitive and low capacitive bit lines, respectively. By 

lowering the bit line swing voltages to the tenth of VDD, they were able to achieve savings of 34% 

in the write power command compared to the conventional SRAM. An 8-K 32 bits SRAM chip was 

fabricated using a 0.25um CMOS process clocked at 200Mhz at 2.5V which consumes 26 mW read 

power and 28 mW write power. 

Huifang Qin, (2004) et al. [28] focuses on supressing the leakage current, a critical aspect, in the 

low power memory designed. They proposed lowering the standby supply voltage (VDD) to limit 

the leakage current, which is also the Data Retention Voltage (DRV). They explored effects of DRV 

on a standard low leakage SRAM module and effects on DRV itself by process variations, transistor 

sizing and chip temperature. They developed an investigative model for the DRV with process and 

design parameters as varying parameters. The model is verified using simulations and experimental 

data collected from a 4KB SRAM chip fabricated at 0.13µm node. Under this low standby VDD, 

they were able to achieve over 90% savings in leakage power savings by using dual rail-standby 

scheme. The research also concluded that the DRV is strongly affected by SRAM cell sizing and 

process variations. 

Jung Hwan Choi, (2006) et al. [29] proposed a methodology to “self-consistently solve leakage 

power with temperature to predict thermal runaway”. They point that dynamic power and static 

power, together, make up the power dissipation of a logic. They also point that the dynamic power 

consumption is weakly coupled with temperature variation than the static power consumption. They 

targeted circuits based on 28 nm FinFETs, as they are more susceptible to thermal runaway than 

conventional bulk-MOSFETs. In this paper, they employed thermal models at gate level to produce 

thermal maps of a circuit block, analysed the static temperature rise and activity reliant dynamic 

power. The simulation results showed that the maximum affordable subthreshold leakage is 

dependent on the worst-case input activity of the circuit block. Which suggests that the thermal 

runaway depends on the circuit level parameters such as input activity and transistor level 

parameters such as sub-threshold level leakage current. This paper also unravels the fact that 
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FinFETs suffer more from self-heating and less efficient heat dissipation compared to bulk-

MOSFETs. They also exhibited that for a minimal activity of 0.5 and a typical package thermal 

resistance, the thermal runaway can occur even at the ITRS postulated sub-threshold leakage 

(150nA/um, high-performance) 

T. Miwa, (2006) et al.  [30] described two new circuit techniques for “non-volatile SRAMs with 

back-up ferroelectric capacitors” (NVSRAMs). They were able to overcome the problems faced the 

original NVSRAM, size and low-voltage reliability, with these circuits. A new 0.25-pm-design-rule 

was purposed for the four-metal-layer NV-SRAM cell with an area occupancy of 9.7 pm2 which is 

comparable to area of a 0.25-pm three-metal layer SRAM cell. Low voltage operation is carried out 

using a high-voltage negative-voltage plate line driver which improves NV-SRAM array’s non-

volatile retention characteristics. 

KYOO ITOH, (1995) et al. [31] dissert about the trends in the circuit technologies for the low-

powered CMOS RAMs. The trends are reviewed in terms of three main key parameters which 

include DC current, charging capacitance and operating voltage. They provided a general overview 

about the RAM chip power supplies. The overview includes both types of RAMs that is SRAMs 

and DRAMs. They suggested that the progressive advancements in DRAM circuits has resulted in 

reduced power consumption that hasn't been achieved in the last decade and is twice or thrice in the 

order of magnitude for a fixed capacity memory chip. Combined with the low power perks of 

complementary MOS technology, the following two technologies have become the main reasons 

for the reduction in power. Firstly, the partial activation of multi divided arrays using the data and 

word lines multi-divisions that results in lower charging capacitance. Secondly, the reduction in 

external power supply like down converting scheme for on-chip voltage and half-V/sub DD pre-

charging causing lower operating voltages. Partially activating the word line, which is multi-

divisional drastically, reduces the data-line dc current. An auto-power down scheme further reduces 

the dc current which uses the address transition detection for word driver and column circuitry along 

with the improvements in sense amplifier circuitry. They also discussed how the subthreshold 

current reduction will become crucial in the future. 

Abhisek Dixit, (2005) et al. [32] insinuated that the multi-gate field-effect transistor (FET) is an 

encouraging device architecture for the CMOS at 45nm technology node. They discussed that these 

devices because of their slender drain/source profile, go through a high parasitic resistance. A 

geometry based analytical model for source and drain was used to analyse the parasitic source-drain 

resistance, which was validated using experimental and 3-D device simulations results. The model 

is capable of predicting the limits to the scaling of parasitic Source-Drain resistance, the model also 

revealed that behaviour of parasitic source-drain resistance is a function of the contact resistance 

between the Source-Drain silicide and Si-fin. It was observed that the discriminatory epitaxial 

growth of Si on Source/Drain regions only may be inadequate to meet the semiconductor roadmap 

target for parasitic Source/Drain resistance at the 45-nm CMOS technology node. 
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Deeksha Anandani. (2015) et al. [33] proposed a model of integrating the fine grain and coarse 

grain power gating techniques with an SRAM cell and arrays of SRAM cells, respectively. The 

paper discusses the effects on gating on both MOSFET based SRAM and FinFET based SRAM. 

Later, the power gating is applied to the standard SRAM cell using the different operating modes 

of FinFET namely, tied gate and independent gate. The different configurations are tested for 

leakage power, static noise margins and delay. The simulations are performed using the PTM 

models at 32nm node. 

 

Figure 2.1 Integration of fine grain power gating technique with a 6T SRAM cell using tied gate mode 

of FinFET [33] 

 

The same configuration is used as a reference for the purpose of this thesis at a different technology 

node, discussed later in detail. The advantage of applying power gating were verifiable by the 

simulations carried out the authors.  

 

Figure 2.2 a pass gate feedback with fine grain power gating  [33] 



23 
 

 

Figure 2.3 Independent gate FinFET with power gating [33] 

 

By employing the purposed schematics, they were able to enhance the power dissipation and 

stability characteristics of the SRAM array. The implemented pass-gate feedback was successfully 

able avoid the read-write conflict that occurs in an SRAM cell. 

Power gating is implemented to minimise the power consumption by cutting off the part of the 

circuit which are not in active use. This is cuts-off the current to the that part of the circuit in-turn 

reducing the leakage power. However, it comes at the cost of increased delay in the circuit. Hence, 

there’s always a trade-off between performance and power savings.  

One such method of power gating is Fine-Grain power gating. It involves adding a transistor to 

every block or part of the circuit that requires gating. In case of a 6T SRAM cell the cross-coupled 

inverters form one unit which are responsible for the major current leakage while in stand-by mode. 

The additional transistor is added between the source of the two nFINFET transistors and the 

ground. The gating transistor is activated each time for a read or write cycle. As it can be observed 

that for each memory cell an additional transistor is added to the cell. This incurs a huge area penalty 

in already die area sensitive application. Regardless of this the advantages in the form appreciable 

power savings cannot be neglected. 
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CHAPTER 3  

STATEMENT OF PROBLEM BASED ON IDENTIFIED RESEARCH 

GAPS 

3.1.  OVERVIEW 

SRAM is the most widely used and accepted form of embedded memory found in today’s integrated 

circuits. As a fact, SRAM cells dominates the area on a die with a staggering 85%-90% of the 

transistors on ICs constitutes only the SRAM. Since this memory has been typically fabricated from 

conventional CMOS devices, all of the inherent issues accompanying MOSFET scaling are 

applicable to SRAM scaling. Issues such as gate oxide leakage, dopant fluctuations, contact 

resistance, control of short channel effects, abrupt and low spreading resistance junction technology 

must be fixed for sustained scaling of the traditional SRAM bit cell. 

3.2.  STUDY GAPS 

Even with the advancements and the optimisation in scaling of the FinFET based SRAMs devices, 

the area where extensive work is needed to evaluate the effect of temperature on its performance 

for the better understanding of the overall memory design performance. As described in [7, 17], 

FinFETs are prone to thermal runaway and self-heating. It is also evident that SNM and RNM are 

negative functions of temperature while WNM increases with increasing temperature. Hence, 

temperature effects have to be taken into account while modelling memory circuits to better 

appreciate the actual performance of memory chip design under thermal variable environment 

conditions. 

By making careful trade-offs on circuit level parameters and transistor level parameters, thermal 

runaway can be controlled. Another way to lower the effects of temperature is by refining the IC 

package quality i.e. adding a uniform heat spreader and efficient heat sink. 

3.3.  OBJECTIVES 

The following objectives are proposed on the basis of the research gaps identified in the previous 

section. 

1) To evaluate the performance of the FinFET based SRAM in terms of delay, power and PDP for 

different technology nodes. 

2) To evaluate the performance of FinFET based SRAM in terms of SNM for different technology 

nodes.  

3) To compare the performance of the FinFET SRAM with power gating and without power 

gating. 

4) To compare the performance of the FinFET SRAM under variable temperature environment 

with performance of FinFET SRAM for steady temperature environment (room temperature).   
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CHAPTER 4  

WORK DONE, RESULTS AND DISCUSSION 

4.1. METHODOLOGY 

In accordance with the objective defined in the previous chapter, the model of a 6T SRAM cell was 

realised in the Tanner EDA tools as shown in Figure. 4.1. The resulting SPICE netlist was exported 

to HSPICE to assess the basic read/write working of the SRAM cell. The schematic of the cell was 

realised using MOSFET models which were later replaced with equivalent FinFET models from 

Predictive Technology model (PTM). The transistors PMOS1 and NMOS1 form one inverter and 

PMOS2 and NMOS2 the other inverter which are cross-coupled which can be seen in the schematic. 

The access transistors NMOS3 and NMOS4 can be turned on or off by the write line ‘WL’. These 

transistors connect the inner cross-coupled inverters formed by PMOS1-NMOS1 and PMOS2-

NMOS2 to the bit lines ‘BL’ and ‘BLbar’. 

The evaluations were performed on the 20nm, 16nm, 14nm, 10nm and 7nm FinFET technology 

nodes from the Predictive Technology Model (PTM) library. All models used are low standby 

power (LTSP) models. The bit lines and word lines are both fed signals by pulse voltage sources. 

The nominal source voltage for the SRAM cell was kept at a nominal voltage of 0.9V for fair 

comparisons. The bit line pulse period was 2ns and write line pulse was set at a period of 20ns 

throughout for each technology nodes. 

The layout of the SRAM cell is designed in S-Edit tool based on the structure provided in [7]. The 

designed SRAM cell is as follows: 

  

Figure 4.1 Design of the 6T SRAM cell in S-edit 
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The second circuit schematic using fine grain power gating was also modelled in S-edit tool in 

Tanner EDA tools, and the generated spice netlist was exported to HSPICE. 

 

Figure 4.2 Design of SRAM cell with fine grain power gating. 

 

4.2. SIMULATIONS PARAMETERS 

The various simulations parameters that had been explicitly defined in the models are provided in 

table 4.1. All simulations were carried out with a nominal power supply, Vdd = 0.9V to keep the 

variables to a minimum. 

 

Table 4.1 Simulation parameters for model files 

 Fin height (nm) Fin width (nm) Effective length (nm) 

7nm FinFET model 18 7 11 

10nm FinFET model 21 9 14 

14nm FinFET model 23 10 18 

16nm FinFET model 26 12 20 

20nm FinFET model 28 15 24 

 

4.3. DELAY AND POWER 

The designed SRAM cell is evaluated for dynamic power dissipation and the delay it takes to flip a 

bit inside the cell. The delay for writing ‘1’ and ‘0’ may differ either marginally or greatly 

depending upon the cell ratios, technology nodes, process variations and many other factors. The 
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timing diagrams for a standard SRAM cell under different technology nodes are shown followed 

by a comparative analysis of delay times in a tabular form. 

 

 

Figure 4.3 Timing Diagram for 7nm FinFET 

 

 

Figure 4.4 Timing Graph for 10nm FinFET 
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Figure 4.5 Timing Diagram for 14nm FinFET 

 

 

 

Figure 4.6 Timing Diagram for 16nm FinFET 
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Figure 4.7 Timing Diagram for 20nm FinFET 

 

The bit line (bl) is initialised with a pulsating voltage source with a period of 2ns. The rise time 

and fall time has been kept at a realistic low value of 0.1ps so as to simulate real world delay. 

The output nodes ‘q’ and ‘qbar’ are initialised with initial conditions of ‘0’ and ‘1’ respectively 

at the start of the simulation. The word line was set with pulse period of 20ns which results in 

a ten write cycles, corresponding to flipping the stored data bit five times. The same conditions 

are used to calculate the average dynamic power over the interval from 10ns to 20ns, when the 

cell is active. Table 4.1 shows the delay and power results.  

 

Table 4.2  Delay Times and average dynamic powers for different technology nodes 

 write '1' delay (ps) write '0' delay (ps) Average Dynamic Power 

(nW) 

7nm standard  SRAM cell 4.107 6.137 346.9 

10nm standard SRAM cell 5.126 5.749 450.8 

14nm standard SRAM cell 6.155 6.443 452.4 

16nm standard SRAM cell 5.064 8.323 472 

20nm standard SRAM cell 8.648 12.2 303.2 

 

The above data is compiled in a form of a bar graph to better understand the trend of the above measured 

metrics. 
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Figure 4.8 Comparison of delay times for different technology nodes 

 

The graphical representation of the data gives us a clear picture of an increasing trend in the 

delay times as the technology node is scaled upwards. However, it is interesting to observe that 

write ‘1’ delay time is always smaller than the write ‘0’ delay. This can be attributed to the fact 

that the stored bit ‘1’ has to discharge through the access transistor and word line. The cell ratio 

of the cell also plays a big role in defining the delay times. A lower write delay can affect the 

read SNM of the cell making susceptible to the data corruption while reading. The whole 

process was repeated with the second schematics shown in the Figure 4.2.  
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Figure 4.9 Timing diagram for 7nm finegrain 
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Figure 4.10 Timing diagram for 10nm finegrain 

 

 

Figure 4.11 Timing diagram for 14nm finegrain 
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Figure 4.12 Timing diagram for 16nm finegrain 

 

 

Figure 4.13 Timing diagram for 7nm finegrain 

 

The corresponding data gathered from the above simulations is curated in a tabular form to 

better understand the varying trends in delay times and power dissipation. 
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Table 4.3 Delay Times and average dynamic powers for fine grain cell at different technology nodes 

 write '1' delay (ps) write '0' delay (ps) Average Dynamic Power (nW) 

7nm FineGrain 6.134 5.756 262.2 

10nm FineGrain 4.895 6.314 297.6 

14nm FineGrain 5.749 7.719 347.3 

16nm FineGrain 5.673 9.122 375.2 

20nm FineGrain 8.621 13.26 386.4 

 

As expected the same trend follows in terms of power dissipation and delay time, however, at 

7nm node the trend slightly changes with the write ‘1’ delay being greater than the write ‘0’ 

delay. Other than that the trend seems to be as predicted as shown in the graph.  

 

 

Figure 4.14 Comparisons of delay time and average power dissipation for fine grain power gating 

 

The average power dissipation is found to be lesser with implementation of power gating when 

compared to its respective technology node. The improvements in power dissipation for cells 

at bigger node are comparable to that of the cells at lower nodes without gating. This is one 

place where gating can be implemented to reduce the power dissipation without opting for 

lower node transistors, the fact that manufacturers have to invest a huge amounts of capital 

while upgrading from one technology node to other. This can prove to be a kind of retro fitting 
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option for low cost, low power applications. The delay times, on the other hand, has an 

increasing trend as shown in the graph. 

 

 

Figure 4.15 Comparison between standard cell and gated SRAM cell for each technology 

node 

 

It can be observed that the power dissipation of 20nm fine grain cell is less than that of the 

standard cell SRAM at 16nm node. In fact, it is lower than all excluding the standard cell SRAM 

at 7nm node. It is found out that on average the fine grain cell has 24.82% less power dissipation 

than its equivalent standard cell counterpart.  

The delay time trends aren’t as straight forward as the power dissipations and may seem 

somewhat random. However, on a closer look it is evident that delay time is affected 

significantly. The average percentage increase in write ‘1’ delay is found out to be 12.4129%. 

The highest reported increase in the 7nm node was with a staggering 49.35% increase in delay 

time. On the flip side, the lowest witnessed increase is actually an improvement with -4.51% 

and -6.59% decrease in delay time for 10nm and 14nm technology nodes. 
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The same trend follows for the write ‘0’ delay time, with an average increase in time of 9.68% 

with the highest being 19.08% for 14nm node and lowest -6.20% in 7nm node, which is 

improvement over the standard cell. Therefore, it makes much more sense to compare the 

average delays rather the individual write delays. The calculated average delay times along with 

the power delay product (PDP) are listed in the table. The power delay profile or switching 

energy is correlated with energy efficiency of a logic circuit.  

 

Table 4.4 Comparison of average power and PDP for standard cell and fine grain cell at various 

technology nodes 

 Average Power (nW) average delay PDP 

7nm standard 346.9 5.122 1776.8218 

7nm FineGrain 262.2 5.945 1558.779 

10nm standard 450.8 5.4375 2451.225 

10nm FineGrain 297.6 5.6045 1667.8992 

14nm standard 452.4 6.299 2849.6676 

14nm FineGrain 347.3 6.734 2338.7182 

16nm standard 472 6.6935 3159.332 

16nm FineGrain 375.2 7.3975 2775.542 

20nm standard 495.2 9.601 4754.4152 

20nm FineGrain 386.4 10.9405 4227.4092 

 

The average percentage change observed in the average delay time comes out to be 10.10%. This 

means that cells with power gating can be expected to be 10% slower than without the power gating. 

However, when power delay product is taken into consideration, the gated cells have better PDP 

than the cells at same technology node. The power delay should be minimum for an energy efficient 

logic circuit, satisfying the definition, we have the cell with power gating at 7nm node with the 

lowest PDP. However, PDP only tells us about the efficiency of the circuit and not its stability. For 

that we need to calculate the static noise margin (SNM) for each circuit. 

4.4. STATIC NOISE MARGIN 

Another critical major metric to determine the performance of a SRAM is SNM, higher the SNM 

higher is the resistance of the SRAM to changes due to noise that may occur from the BIT line 

voltages or the voltage sources itself. The SNM was calculated graphically using the HSPICE code.  

By definition, SNM is the minimum voltage required at each of the cell storage nodes to change the 

state of the cell. Graphically, the SNM was obtained by plotting the inverter characteristics of the 

two inverters on top of each other, creating a butterfly pattern or the eye diagram. The side of the 

maximum square that can be drawn between the eyes or the wings of the butterfly curve determines 

the SNM of the that SRAM cell as shown in the Figure. 4.16. 
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Figure 4.16 calculation of the SNM for a SRAM cell [23] 

 

To implement the above mentioned cell in the HSPICE simulation, we require voltage controlled 

voltage sources (VCVS). [23]. The butterfly curve is rotated 45 degrees to calculate the maximum 

and minimum points on the inverter characteristic curves. The straight line joining the two points 

(maxima and minima) is the diagonal of the largest square that can fit inside this curve (see fig 

4.17). The SNM then can be found simply by applying Pythagoras theorem.   

The SNM is found when initiating a read process, hence the SNM found corresponds to the read 

SNM. To find the read SNM, the word line WL is set to high which causes the inverter 

characteristics to change, making them susceptible to noise, the minimum of this noise is our 

required noise margin for the SRAM cell in question. 

 

Figure 4.17 determination of the SNM by rotating the butterfly curve [23] 

 

Following are the SNM curves of the SRAM cells mentioned in the previous section. Only the, 

butterfly curve is shown, as the 45 degrees rotated version is essentially the same. The SNM reading 
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are then presented in tabular form to have better comparison of the SRAM cell at different 

technology nodes with and without the fine grain gating method. 

 

 

Figure 4.18 butterfly curve for 7nm FinFET SRAM cell 

 

 

Figure 4.19 butterfly curve for 10nm FinFET SRAM cell 
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Figure 4.20 butterfly curve for 14nm FinFET SRAM cell 

 

 

 

Figure 4.21 butterfly curve for 16nm FinFET SRAM cell 
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Figure 4.22 butterfly curve for 20nm FinFET SRAM cell 

 

 

 

Figure 4.23 butterfly curve for fine grain 7nm FinFET SRAM cell 
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Figure 4.24 butterfly curve for fine grain 10nm FinFET SRAM cell 

 

 

 

 

Figure 4.25 butterfly curve for fine grain 14nm FinFET SRAM cell 
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Figure 4.26 butterfly curve for fine grain 16nm FinFET SRAM cell 

 

 

 

 

Figure 4.27 butterfly curve for fine grain 20nm FinFET SRAM cell 
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Table 4.5 SNM and PDP data for different SRAM cell. The highest and second highest SNM, 

and the lowest and the second lowest PDP is highlighted for reference. 

 SNM (mV) average delay PDP 

7nm standard 199.6 5.122 177.68218 

7nm FineGrain 190.5 5.945 155.8779 

10nm standard 196 5.4375 245.1225 

10nm FineGrain 188.1 5.6045 166.78992 

14nm standard 195.2 6.299 284.96676 

14nm FineGrain 187.9 6.734 233.87182 

16nm standard 190.5 6.6935 315.9332 

16nm FineGrain 182.9 7.3975 277.5542 

20nm standard 182 9.601 475.44152 

20nm FineGrain 208.2 10.9405 422.74092 

 

Observing the minor differences in the butterfly curve cannot be appreciated with naked eyes. 

However, the table gives a detailed summary of the simulation results so far.  It is observed 

from the above data that the general trend for SNM for a standard cell SRAM cell follows a 

decreasing pattern as the technology node is increased. This follows the theoretical trend as 

explained in the previous chapters and hence confirms the theoretical aspect of the SRAM cells 

in general. The above data is plotted to better comprehend this trend. 

 

 

Figure 4.28 PDP trend with increasing technology nodes 
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Figure 4.19 SNM trend with increasing technology nodes 

 

Analysing the data gathered from the simulation, we can reach to a conclusion as to which can be 

a suitable candidate for a model SRAM cell, which is fast and reliable. The parameters to determine 

this are primarily the PDP and SNM. Firstly, considering the PDP, it has been the lowest of all the 

SRAM cells. It is found that the 7nm FineGrain cell has the lowest PDP followed by the 10nm 

FineGrain. However, this alone isn’t sufficient to determine the better of them, as it can be the 10nm 

FineGrain despite having a larger PDP has a lower average delay time, at the same time having 

lesser SNM than 7nm FineGrain. Here, we can easily rule the 10nm FineGrain cell. 

The second metric, SNM, when taken into account, revealed that the 20nm FineGrain cell has the 

maximum SNM which is a desirable property. However, the PDP is far worse than the 7nm 

FineGrain cell. Hence, ruling out the 20nm Fine Grain cell. The second highest SNM is for the 7nm 

standard cell, albeit having a slightly larger PDP than the 7nm Fine Grain cell, it also has a lower 

average delay time than the 7nm Fine Grain cell. 

Since the simulation data confirms with the theoretical and mathematical models, it can be then 

safely concluded that the lower technology nodes, offer better stability, write speeds and power 

efficiency as compared to the higher technology nodes.  
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4.5. EFFECT OF TEMPERATURE 

All the simulations till now were carried out under an ideal temperature of 25 degrees Celsius.  As 

we know, devices don’t normally operate in an ideal environment and has to stand to abuse of the 

elements. Hence, the same circuits models were simulated under a varying temperature environment 

ranging from -30 degree Celsius to 80 degrees Celsius in 1 degree Celsius steps. The SRAM 

parameters, namely, SNM, delay and average were calculated for each degree rise in the 

temperature. The resultant data set is very large (exactly, 110 simulations per SRAM model, 

equating to a total of 1100 simulations) and hence has been consolidated to a reasonable degree to 

make the comparison. The first order of measure is the write delay of the SRAM cells. The 

following graphs depicts write delays with increasing temperature. At first glance, the curves may 

seem random but upon closer inspection it can be noted that for the write ‘1’ delay for the most part 

stays below the write ‘0’ delay and the overall trend seems to indicate towards a rising delay time 

with increasing temperatures. The sharps dips can be attribute to the imperfections in the simulation 

environment and models files. It was also noticed that an SRAM cell at 20nm node seems to be 

stable with a steady increasing in both standard cell configuration and with fine grain power gating. 

This can be explained by the self-heating property of FinFETs, with larger surface area for a higher 

technology node, it is easier to loose heat quickly while for the lower nodes the heat is not efficiently 

dissipated causing further heating of the device causing a chain reaction. 

 

 

Figure 4.20 The delay curves under temperature variations for 7nm standard cell 
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Figure 4.21 The delay curves under temperature variations for 10nm standard cell 

 

 

 

 

Figure 4.22 The delay curves under temperature variations for 14nm standard cell 
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Figure 4.23 The delay curves under temperature variations for 16nm standard cell 

 

 

 

Figure 4.24 The delay curves under temperature variations for 20nm standard cell 
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Figure 4.25 The delay curves under temperature variations for 7nm fine grain cell 

 

 

 

Figure 4.26 The delay curves under temperature variations for 10nm fine grain cell 
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Figure 4.27 The delay curves under temperature variations for 14nm fine grain cell 

 

 

 

Figure 4.28 The delay curves under temperature variations for 16nm fine grain cell 
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Figure 4.29 The delay curves under temperature variations for 20nm fine grain cell 

 

To get better insights into the effects on delay caused by the temperature, average delay time at each 

operating temperature was calculated and difference between the consecutive average delays gave us 

the deviation at that point to the next. These deviations were then averaged to give us a parameter, i.e. 

average change in average delay per degree centigrade. This parameter can be used to compare the 

performances of all the SRAM models in the simulation.  

Table 4.6 Average change in delay time and dynamic power per degree Celsius increase in 

temperature 

 Average change in average delay per 

degree centigrade (ps) 

Average change in dynamic power 

per degree centigrade (nW) 

7nm standard 0.500827273 4.15182 

7nm FineGrain 0.387318182 3.73727 

10nm standard 0.259572727 5.88455 

10nm FineGrain 0.390722727 4.19909 

14nm standard 0.199254545 6.28000 

14nm FineGrain 0.345895455 4.43727 

16nm standard 0.080909091 3.69000 

16nm FineGrain 0.145345455 2.95090 

20nm standard 0.114040909 4.23455 

20nm FineGrain 0.078095455 3.05272 

 

It was observed that the change in average delay is more in the fine grain cell than their standard cell 

counter parts excepts for the 7nm and 20nm technology node where it is lesser than their standard cell 

counterpart. This, however doesn’t not suggest that the fine grain cells are faster or slower. It just 

suggests the resilience of the cell with respect to the temperature change. In our simulation, it appears 

that 20nm Fine Grain cell is most resilient of the lot followed by the 16nm standard cell.  Dynamic 
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power, however, follows the reverse trend throughout, that is change in average dynamic power is lesser 

for the fine grain cells than their counter parts. This is same as the case with no temperature fluctuations. 

The following graph very effectively shows the average power distribution comparisons between the 

standard cells and their fine grain counterparts.  

 

Figure 4.30 Average dynamic power comparison at 7nm node for different cell structure at varying 

temperature. 

 

 

Figure 4.31 Average dynamic power comparison at 10nm node for different cell structure at varying 

temperature. 
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Figure 4.32  Average dynamic power comparison at 14nm node for different cell structure at varying 

temperature. 

 

Figure 4.33 Average dynamic power comparison at 16nm node for different cell structure at varying 

temperature. 
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Figure 4.34 Average dynamic power comparison at 20nm node for different cell structure at varying 

temperature 

 

The simulations carried out in the previous sections have already established the fact that the power 

gated version of the standard 6T SRAM cell consumes lesser power. The same fact can be seen 

throughout the temperature range for 5 different technology nodes. The average power curves never 

intersect each other proves the fact mentioned earlier. 

Apart from the comparisons between cell structures and technology nodes, it is observed that the power 

dissipation follows a rising trend for each cell structure regardless of the technology nodes which isn’t 

surprising.  

Later on, the effect of temperature on the static noise margin (SNM) was simulated on the standard 6T 

SRAM cells for different technology nodes. The simulation results show a steady decline in the noise 

margin as the temperature increases, the highest SNM is recorded at the minimum temperature of the 

simulation test range. Regardless, of the technology node, the SNM seems to worsen with each degree 

increase in the temperature. This phenomenon can be observed in the real world also. While 

overclocking the CPUs, in certain applications, the CPUs can be overclocked to well beyond their 

physical limits of 4-5 GHz, at these speeds, these CPUs then generate too much heat and cannot provide 

stable outputs. To stabilise these CPUs, specialised cooling systems, like liquid nitrogen, are used to 

bring the temperature down to negative 100 degrees Celsius to achieve the desired performance. 
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Figure 4.35 Effect of temperature on the SNM of SRAM cell for different technology nodes 

 

We also suffer this in normal consumer electronics, where a device may heat up with excessive use and 

later starts to slow down and may even stop responding sometimes.  

The results again show the experimental proof that the lower technology nodes have improved noise 

margins. It is also observed that the slope of the SNM curve is steepest for the 20nm FinFET and least 

for the 7nm FinFET which translates to better stability under variable temperature environment.  

 

 

. 
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CHAPTER 5  

CONCLUDING REMARKS AND FUTURE SCOPE 

5.1. Conclusion 

This thesis report discussed different static random access memories (SRAMs) and their performance 

metrics like Static Noise Margin (SNM), Read Noise Margin (RNM) and Write Noise Margin (WNM). 

The differences between conventional bulk-MOSFET based SRAM and DGFET or FinFET based 

SRAM have also been discussed in extensive detail. The conventional CMOS cells are not effortlessly 

scalable in sub 50 nm node due to numerous considerations like sub-threshold leakage current and 

process variation effects that harshly reduce cell stability. FinFET based SRAM design has great 

scalability with lower leakage current as equated to MOSFET based SRAM with trifling process 

variation effects. 

This thesis focused on the simulation of a standard 6T FinFET SRAM cell at different technology nodes, 

comparing them on the basis of various parameters and successfully established an experimental proof 

to the theory discussed in the earlier chapters of the thesis. The SRAM cell is then power gated and 

compared for the same parameters. 

The simulation data confirms that the needs for the scaling down of the transistor for SRAM uses both 

in terms of area and performance. Highest SNM and lowest PDP of 7nm FinFET SRAM is the proof 

for stability and efficiency combined with the lowest delay makes it ideal for embedded applications. 

The point to be noted is that the model used are predictive technology models (PTM) which are based 

on the IRTS roadmap, hence this simulation is a proof of a concept. Semiconductor industry is already 

its way past the 10nm FinFET process and we can expect 7nm FinFET devices by late 2018. 

5.2. Future Scope 

All the simulations were done taken into account a cell ratio, CR=1, which isn’t all that great. Fine 

tuning the CR can yield us better results and possibly a better SRAM cell. As observed, the power 

dissipation can be dramatically reduced by employing gating techniques. A further in-depth study can 

improve the standard 6T SRAM cell.  

SRAM chips are widely used in different consumer electronics. With increasing demand for low power 

mobile devices and emerging IoT devices, the need for scaling down the SRAM cells is a major area of 

development. With limitations in scaling conventional bulk-MOSFET devices, FinFET SRAM scaling 

has emerged as a promising field for further research and development. The emerging technology of 

internet of thing devices and wireless sensor networks pushes the operating environment for electronics 

devices to extreme. These extreme environment applications compel designer to research and develop 

devices, which can perform in such condition without performance degradation. 

In the recent times, we have seen FinFET been scaled down to 10nm processes. A latest smartphone 

has a processors based on 10nm FinFETs and as discussed earlier, the production of next generation 
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7nm devices have already started, which are scheduled to reach the common consumer by late 2018. 

There have been talks and road maps to further scale down the FinFET to 5nm, keeping the Moore’s 

law relevant. This will create a new generation of ultra-low power, high-performing devices with far 

greater transistor density than the current generation. 
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