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Abstract—Today VLSI circuit fabrication technology has 
reached in nanometer dimension. When CMOS technology 
superseded BJT technology, very low leakage current was one 
of the main advantages for CMOS circuits. But in nm range, 
as threshold voltage, channel length, and gate oxide thickness 
are reduced, leakage current issue is becoming one of the 
major problems. On the other side, due to huge use of 
portable devices, low power circuit is in high demand. In this 
paper simulation results of single cell SRAM are shown. 
Three different techniques are tested by 90 nm technology file 
on Cadence platform. Leakage current has significantly 
reduced from nA range to pA range after applying the 
techniques. 
 
Index Terms—Leakage, 90 nm, DRG Cache, Drowsy cache, 
Stacking effect, SRAM. 

I.  INTRODUCTION 

To achieve higher density and performance and lower 
power consumption, CMOS devices have been scaled for 
more than 30 years[13]. Supply voltage (VDD) has been 
scaled down in order to keep the power consumption under 
control. Hence, the transistor threshold voltage (Vth) has to 
be commensurately scaled to maintain a high drive current 
and achieve performance improvement. However, the 
threshold voltage scaling results in the substantial increase 
of the leakage current. 

Recent surveys indicate that roughly 30% of the 
worldwide semiconductor business is due to memory 
chips[11]. When any new fabrication technology is 
introduced the first thing to be fabricated for testing is 
memory. Unfortunately, the memory system’s performance 
has not increased as quickly as the processor’s 
performance. The performance gap between the memory 
system and the processor has become a performance 
bottleneck to total computer system performance. So the 
requirement for fast and low power memory is urgent. 

II.  DIFFERENT LEAKAGE MECHANISM 

A.  Reverse Bias pn Junction Leakage Current (I1)  
    This type of leakage current flows when source or drain 
terminal is reverse bias with well. This is similar to reverse 
bias leakage current phenomena in diode. Always a reverse 
saturation current can be observed in reverse junction.  

 
Figure 1.  Different type of leakage current present in transistor. 

B.  Sub-threshold Leakage Current (I2)  
This type of leakage current is present in transistor when 

gate voltage is kept below the threshold voltage. Weak 
inversion leakage current is another name of this leakage. 

C.  Drain-Induced Barrier-Lowering Effect (I3)  
Near the channel surface it is noticed that sometimes 

depletion region of the drain relate with the source. This 
causes lowering of the source potential barrier. It is known 
as Drain-Induced Barrier Lowering (DIBL). Then there is 
insertion of carriers from source to channel surface without 
any control of gate. If the drain voltage is higher and Leff is 
shorter then there is improvement in value of DIBL. For 
short-channel devices it is found that DIBL reduces VT 
[10]. 

D.  Gate Induced Drain Leakage current (GIDL) (I4)  
If there is a high electric field at the overlap of gate and 

drain region it performs deep depletion. It is known as the 
Gate Induced Drain Leakage (GIDL) current. If there is 
high VD and low VG, GIDL will take place. GIDL produces 
charge carriers from the surface traps into substrate and 
drain. 

E.  Punch-Through (I5)   
When source and drain depletion region merge 

electrically that is there is no barrier between drain and 
source, it is called punch through. When punch-through 
occurs there is no control of gate on the flow of current. It 
happens in deep region below gate. This can be considered 
as sub surface counterpart of DIBL. It is one of the most 
unwanted phenomena for a design engineer.  
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F.  Narrow-Channel Effects (I6)    
When channel width of any MOS become of the order of 

maximum thickness of depletion region, it is called narrow 
channel devices. There is a special effect of this that it 
makes increase to the value of threshold voltage (Vt). 

G.  Gate Oxide Tunneling leakage current(I7)      
When an electron directly tunnel through the SiO2 layer 

of a MOS it give birth of gate oxide tunneling leakage 
current. Thickness of gate oxide and voltage across the gate 
oxide has exponential relation with the chance for this kind 
of phenomena.  If the value of gate oxide thickness is 
greater than equal to 2 nm then this type of leakage is very 
small compared to other leakage current. But as technology 
moves forward tox is becoming less than 2 nm. For example 
the gate oxide thickness tox for 90 nm CMOS technology is 
1.2 to 1.6 nm. In this technology generation there is also 
reduction in supply voltage. As a result there is a large 
amount of gate leakage current which is becoming more 
than sub-threshold leakage in advanced technology 
generation [12]. 

H.  Hot-Carrier Injection (I8)      
As technology generation changes, there is increase in 

doping concentration and decrease in dimensions. These 
result to increase in electric field in both horizontal and 
vertical direction. So if any electron or hole gets sufficient 
kinetic energy which is more than Si-Si02 potential barrier 
then they can be injected into SiO2 layer. When this is 
happened, it is noticed that there is permanent change in Si-
Si02 charge career distribution. This makes degrading of 
normal MOS characteristics [12]. 

III.  SRAM OPERATIONS 

    The six transistor (6T) static memory cell in CMOS 
technology is illustrated schematically in Figure 2. The 
cross-coupled inverters, M1,M5 and M2,M6, act as the 
storage element. Major design effort is directed at 
minimizing the cell area and power consumption so that 
millions of cells can be placed on a chip. The steady state 
power consumption of the cell is controlled by 
subthreshold leakage currents, so a larger threshold voltage 
is often used in memory circuits. To reduce area, the cell 
layout is highly optimized to eliminate all wasted area[5]. 

 

 
Figure 2.  6-T SRAM Cell [12]. 

A.  Read Operation     
Initially upon the rise of the WL, the intermediate node 

between these two NMOS transistors Qb, is pulled up 
towards the precharge value of blb. This voltage rise of Qb 
must stay low enough not to cause a substantial current 

through the M3-M4 inverter, which in worst case could flip 
the cell. It is necessary to keep the resistance of transistor 
M5 larger than that of M1 to prevent this from happening. 

 

 
Figure 3.  Simplified model of CMOS SRAM cell during read. (Q=1, 

Vprecharge =VDD) 

Cell Ratio (CR) = (WM1/LM1)/(WM5/LM5). To keep 
the node voltage from rising above the transistor threshold, 
the cell ratio must be greater than equal to 1.5. 

B.  Write Operation     
During the initiation of a write, the schematic of the 

SRAM cell can be simplified to the model of figure 
3.6.note that !q side of the cell cannot be pulled high 
enough to ensure the writing of 1. The sizing constraint, 
imposed by read stability, ensures that this voltage is kept 
below vt. Therefore new value of the cell has to be written 
through transistor M6. 
    A reliable writing of the cell is ensured if we pull node Q 
low enough – this is below threshold voltage of transistor 
M!. So the pull-up ratio of the cell, PR is defined as the 
size ratio between NMOS and PMOS transistor. Pull-up 
Ratio (PR) = (WM4/LM4)/(WM6/LM6). If we wish to pull 
the node below vt, the pull-up ratio has to be equal to or 
below 1.5[11]. 

 

 

Figure 4.  Simplified model of CMOS SRAM cell during write 

IV.  TRANSISTOR STACKING EFFECT 

    This phenomenon happens when more than one 
transistors in series are turned off. At that time it is found 
that there is a huge reduction in leakage current. Let us 
consider the following fig. It is a two input NAND gate.  
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Figure 5.  Two input NAND Gate. 

     
Due to leakage, there is development of positive potential 
(VM) at the middle of two NMOS. As a result there are 
three incidents. First, as gate to source voltage of transistor 
M1 is negative, i.e., VGS1 < 0V, there is reduction in leakage 
current. Second, as bulk to source voltage of transistor M1 
is negative, i.e., VBS1 < 0V, there is increase in threshold 
voltage of transistor M1 (VTH1), and so there is a reduction 
in leakage current. Third, drain to source voltage VDS1 of 
transistor M1 is decreased, so there is an increase in 
threshold voltage of transistor M1 (VTH1), and so there is a 
reduction in leakage current. So it is seen in all respect 
there is reduction of leakage current when more than one 
transistors in series are turned off. This is also called self-
reverse bias effect[10]. 

V.  DATA RETENTION GATED-GROUND CACHE (DRG 
CACHE) 

    DRG cache use transistor stacking phenomena. It places 
the unused parts of memory in a low leakage current mode. 
An additional NMOS is introduced inside the leakage path. 
That transistor is kept on for used portion. So there is no 
effect in normal operation of memory. But for the unused 
portion, the extra NMOS is kept off. It does not affect the 
normal operation of memory but reduces the amount of 
leakage current to a great extent due to transistor stacking 
effect [7]. 

 

 
Figure 6.  DRG Cache 

VI.  DROWSY CACHE 

    In SRAM operations, there are mainly two stages. One is 
when read or write operation is done. This can be assumed 
as active mode, when actual data transaction takes place. 
On the other hand when there is no data transaction, only 
information preserve is done by the latching phenomena of 
memory, is passive mode. It is found that there is very low 
supply voltage needed for preservation of data. Drowsy 

cache method puts memory in a low power supply drowsy 
mode when only data preservation is needed. It uses 
multiple supply voltage sources. It supplies high voltage 
when access of memory contents is needed.  

Leakage current is decreased as supply voltage 
decreases. Reduced supply voltage and reduced leakage 
current together make a huge reduction in leakage current 
[8]. 

 

 
Figure 7.  Drowsy Cache. 

VII.  SIMULATION RESULTS 

A.  6-T Conventional SRAM  without any special leakage 
reduction technique 

 

 

Fig 8: Schematic in 90 nm technology. 

      

Fig 9: Power consumption waveform in 90 nm technology for 
conventional SRAM. 
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Before the application of pulse, a current of 8.211uA is 
flowing, and after the application of pulse a current of 
1.87nA is present, peak of the spike is only 45uA which is 
very nominal. 

B.  DGR-cache method  
 

 
Fig 10: Schematic using DGR-cache method in 90 nm technology. 

Fig 11: Power consumption waveform for DGR-cache method in 90 
nm technology 

 
Before the application of pulse, a current of 113.2pA is 

flowing, and after the application of pulse a current of 
100pA is present. 

C.  Drowsy cache method  
 

 
Fig 12: Schematic Using drowsy cache in 90 nm technology. 

 
 

 

Fig 13: Power consumption waveform for drowsy cache in 90 nm 
technology. 

    Before the application of pulse, a current of 108.4pA is 
flowing, and after the application of pulse a current of 
84pA is present. 

CONCLUSION 

    Low leakage circuit techniques are successfully 
implemented. First conventional SRAM is tested. The read, 
write and preservation of data are happening correctly. 
Power consumption wave forms are also observed. Power 
consumption takes place when there is no initialization of 
SRAM state. Isolated memory preserves a voltage midway 
of 0 and 1 state. After providing data from outside one 
inverter reaches 0 state and another 1 state. After that at 
data preservation time there is no power consumption. 
Power consumption is also observed when any state change 
occurs in memory operation. 
    Simulations are done by Cadence Virtuso & SoC 
Encounter with IBM 90 nm model file. 

In 90 nm, the current flowing through SRAM is found to 
be 1.87nA in steady state when there is no change in 
inputs. After using DGR-cache method, the leakage current 
reduced to 100pA. The drowsy cache method shows 
reduction of leakage to 84pA. 
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