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Abstract- A hybrid network is proposed in dynamic CMOS 

XOR/XNOR gate to avoid signal skew and reduce the power 

consumption. Compared to the standard N type dynamic gate 

leakage power, dynamic power and layout area of the novel 

XOR/XNOR gate are reduced. In this paper we studied different 

technologies, their merits and demerits. Comparison of different 

technologies is completely on the basis of leakage power, 

dynamic power, layout area and performance. Also the inputs 

and clock signals combination static state dependent leakage 

characteristics of three dynamic CMOS XOR/XNOR gates are 

analyzed thoroughly. 

 
Keywords- hybrid; signal skew; leakage power; dynamic 
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1. Introduction 
 

CMOS   XOR/XNOR gates are fundamental units in 

various circuits especially circuits used for performing 

arithmetic operations in high speed microprocessor, such 

as adders, multipliers, and comparators[3] . They are a 

part of the critical path, thereby influencing the overall 

performance of the entire system. A hybrid network 

technique is proposed in dynamic CMOS XOR/XNOR 

gate to reduce the power consumption, save the layout 

area and avoid signal skew. 

 

With the smaller geometries in deep sub-micron  (DSM) 

technology, the number of gates that need to be integrated 

on a single chip, power density, and total power are 

increasing rapidly. Also, designing for low-power has 

become increasingly important in a wide variety of 

applications. The advances in very large scale integrated 

circuit (VLSI) technology have made it possible to put a 

complete system on a chip which facilitates the 

development of portable systems. Over the last two 

decades, low-power circuit design has become an  

 

 

 

 

important concern in digital VLSI design, especially for 

portable and high performance systems such as cellular 

phones, personal digital assistants (PDAs), and military 

equipments. Power consumption is also crucial for DSM 

technologies. Optimized designs for XOR and XNOR 

gates are needed to benefit the performance of larger 

circuits that they are part of. What is meant by optimized 

design is to avoid any degradation on the output voltage, 

consume less power, having less delay, and be noise 

immune even with low voltage as in deep submicron 

technology. Another desired feature for the design of a 

combined XOR-XNOR cell is to have a small number of 

transistors to implement it [2] and the simultaneous 

generation of the two non-skewed outputs. Margins, 

column widths, line spacing, and type styles are built-in; 

examples of the type styles are provided throughout this 

document and are identified in italic type, within 

parentheses, following the example. Some components, 

such as multi-leveled equations, graphics, and tables are 

not prescribed, although the various table text styles are 

provided.  

 

The formatter will need to create these components, 

incorporating the applicable criteria that follow. Several 

designs were proposed to realize the XOR function using 

different logic styles [7]. Two optimized designs are 

shown in Fig. 1. The first design is based on utilizing the 

high functionality of pass-transistor logic style [1]. This 

circuit has a non-full voltage swing at the output node and 

is characterized by its low power consumption. This 

circuit has a limited driving capability. The second circuit 

is using static CMOS inverter in conjunction with a MUX 

circuit. The availability of the inverter gives signal level 

restoration and improves the driving capability of the 

circuit but these come at the expense of extra power 

consumption. 
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Figure(1) Optimized implementations for XOR function 

 

A 10-transistor design for producing XOR and its 

inverted output is shown in Fig. 2. This circuit rectifies 

the flaws in the previous designs. The design is composed 

of two transmission gates and three static inverters. The 

circuit provides good output levels for all combination of 

inputs due to the functionality of the transmission-gate 

making it suitable of working at lower supply voltages. 

The driving capability of the circuit is also improved as it 

uses static inverters. The main disadvantage of the circuit 

is its power consumption due to the presence of the three 

static inverters. Also, the two output signals are heavily 

skewed in time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (2) Transistor circuit for XOR-XNOR function 

 

3. Proposed Structure 
 

A novel DXG with hybrid network (DXGH), therefore, is 

proposed in this paper to achieve high power/speed/area 

efficient operation without input signal skew.  

Fig. 3, 4 and 5 shows the structures of DXGN, DXGP and 

DXGH. As shown in Fig. 3 and 4, DXGN and DXGP 

generate XOR and XNOR output signal utilizing the pull-

down NMOS network (PDN) and the pull-up PMOS 

network (PUN), respectively. But DXGP superior leakage 

power characteristics as compared to DXGN. This is 

because the barrier height for the holes tunneling from the 

conduction band (ECB) is higher than that for the 

electrons tunneling from the valence band (HVB) and 

therefore PMOS transistors produces much less gate 

leakage current [6]. But the evaluation speed of DXGN is 

higher than that of DXGP due to higher mobility of 

electrons than the holes.  

 

So, DXGN consumes more power consumption but 

achieves higher speed, as compared to DXGP [4]. 

Obviously, there is a tradeoff between power consumption 

and delay time existing in dynamic XOR and XNOR gate. 

Therefore, DXGH with hybrid network is proposed to 

achieve this goal, which is shown in Fig. 5 

The hybrid network, based on the mixed application of 

PMOS transistor and NMOS transistor in PDN, is applied 

instead of the traditional PDN and PUN. The hybrid 

network consists of M6, M7, M8, and M9. It is operated 

as follows. When the clock is set low, M1 is turned on. 

The dynamic node is charged to high by the precharge 

transistor M1. 

 

The output node is discharged to ground by M11. The 

evaluation phase begins when the clock is set high. M1 is 

cut off. Provided that the necessary inputs combination to 

discharge the evaluation node-(A = 0, B = 1) or (A = 1, B 

= 0)-is applied, the circuit evaluates and the dynamic 

node is discharged to ground, thereby generating low 

XNOR_Out and high XOR_Out. Otherwise, if (A = 0, B 

= 0) or (A = 1, B = 1) is applied, the high state of the 

dynamic node will be preserved until the following 

precharge phase, and XNOR_Out maintains high and 

XOR_Out maintains low. Because the inputs of DXGH do 

not include complementary signals, the static inverter and 

input signal skew are both cancelled, which would 

improve the power and layout area characteristics 

effectively. 

 

 

 
 

 

 

 

 

 

 
Figure(3) Dynamic CMOS XOR/XNOR Gate NMOS      (DXGN) 
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Figure (4) Dynamic CMOS XOR/XNOR Gate PMOS (DXGP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (5) Dynamic CMOS XOR/XNOR Gate Hybrid (DXGH) 

 

 

The leakage current of the off-NMOS transistor (37.12) is 

lower than that of the on-NMOS transistor (46.79), 

whereas the leakage current of off-PMOS transistor 

(16.56) is much higher than that of the on-PMOS 

transistor (1.56). Transistor M10 is connected to footer 

transistor for leakage reduction due to stacking effect at 

the cost of speed. 

 

When two or more transistor are connected in series, then 

their resistances are add up and reduce the flow of leakage 

current. This is called Stacking Effect To increase the 

speed, a current mirror M11 is added in parallel to pull 

down network for discharging the dynamic node. 

Transistor M12 provides feedback from the output node, 

this help to avoid short circuit current on static inverter.  

 

 

4. Conclusions 
 

Standard dynamic CMOS XOR/XNOR gates are 

extensively employed in modern high performance 

microprocessors because of high speed and controllable 

evaluation by clock node, but they suffer from high power 

consumption and input signal skew. In this paper, a novel 

dynamic XOR/XNOR gate based on hybrid network is 

proposed to decrease, respectively, the leakage power, the 

dynamic power, and the layout area up to as compared to 

standard N type dynamic CMOS XOR/XNOR gate under 

similar delay time. What’s more, the novel dynamic 

CMOS XOR/ XNOR gate shows superior robustness 

under process and temperature variations. DXM gates are 

fundamental units in various circuits especially circuits 

used for performing arithmetic operations in high speed 

microprocessor. 
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