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Abstract: This paper represents a new structure of ANL logic, 

named TPSANL to achieve ultra low power with no glitches in 

the subthreshold region. Since different ANL logics suffer from 

output glitches due to race problem, our proposed TPSANL 
logic by using two phase nonoverlapping clocks eliminates 

output glitches and reduces the glitch power. The 

noninverting/inverting pipelined system in ANL logics causes a 

voltage drop on NMOS transistors in inverting blocks. 

Therefore, these logics cannot operate in subthreshold regions. 

TPSANL uses high speed noninverting blocks in all pipeline 

stages. So, it can operate in subthreshold region. One 4-bit CLA 

adder with TPSANL logic in the subthreshold region operates in 

14.5MHz frequency with 157nW power consumption and 49fJ 

power-delay-product. 
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1. Introduction 

In recent years, the growth of portable devices and 

limitation of power saving in these devices has caused 

power consumption becomes one of the major design 

concerns [1] [2]. Numerous circuit design techniques 

have been used in digital circuits to reduce power 

consumption. Power supply reduction, clock gating, 

transistor sizing, reducing switching activities, multiple 

Vth are some of the optimization efforts to reduce the 

circuit power consumption [3] [4] [5]. However, these 

techniques are not operative enough to reach ultra low 

power circuit, where the performance is the secondary 

importance. Sub-threshold design has been proposed to 

achieve the ultra low power requirement [1] [6]. In some 

applications such as wearable wrist-watch computers, 

medical devices like hearing aids, pace-makers, 

defibrillators, and wireless sensor networks, ultra low 

power consumption is the primary requirement while the 

performance is of a secondary importance. For these 

applications, subthreshold design has been proposed [7]. 

In subthreshold design, transistors are operated in the 

subthreshold region and subthreshold current is used as 

the operating current. To operate circuits in the sub-

threshold region, the power supply is Vdd < Vth. The 

maximum frequency of a circuit is very low in subthre-

shold region in comparison with strong inversion region.  

 
 

CMOS dynamic circuits have been widely used since 

they have faster switching speed and less area than the 

conventional static CMOS circuits [9] [10] [11]. 

Therefore, these kinds of circuits are suitable to operate 

in subthreshold region. Domino CMOS [12] only 

supports non-inverting logic. NO-Race (NORA) [13] and 

Domino CMOS logics both have the charge redistribution 

problem [14]. NORA logic uses two-phase clock signals 

instead of four-phase clock signals and eliminates the 

race problem. In pipelined systems with NORA, True 

Single Phase CMOS (TSPC) [15], or Zipper [16] struc-

ture NMOS and PMOS logic blocks are used and they 

have limited performance, due to low speed PMOS logic 

blocks. In order to achieve higher speed, All-N-Logic 

(ANL) [15] structure was introduced that removes limited 

speed of NORA, TSPC, and Zipper logics by using only 

high speed NMOS logic in all stages. ANL logic with 

latch stage in unit cell is widely used in pipelined 

systems. Circuit diagram of ANL structure is shown in 

Fig. 1. 

In ANL logic, the evaluation node A in precharge 

phase when CLK=0 (� to � region in Fig. 2), is 

precharged by PMOS P1, the latch turns off, and holds 

the output voltage until the next time the clock rises.  

In ANL logic, evaluation phase starts at 1 in Fig. 2. if 

N-Logic is evaluated to “pass”, voltage of the node A 

must be decreased rapidly (“Interested” at � in Fig. 2), 

but due to the long path between the node A, and ground 
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Fig. 1: Circuit diagram of ANL logic [9] 
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