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Abstract: This paper presents an ultra-low voltage level shifter (LS) that converts deep sub-threshold region to the super-

threshold region making it well-suited for low-power applications. The proposed LS consummates better performance by 

addressing the reduced swing and slow fall transition. To attain lower standby power consumption, a novel reduced-swing 

buffer design is used and a pass transistor is used for bettering the speed of the fall transition. A diode-connected transistor 

is used to nullify the high static current. Stack approach can be used to further reducing power consumption. The circuit is 

simulated in a 45-nm process technology and HSPICE is the tool used for the simulation. 

 

Index Terms: Current mirror, level shifter, low power, sub-threshold operation. 

 

I. INTRODUCTION  

The most efficient way to reduce the power consumption in digital integrated system is by reducing the supply voltage.  Low power 

applications such as wireless sensor network, healthcare devices and monitoring systems, sub-threshold operation becomes more 

attracted i.e, supply voltages are lower than the threshold voltage of the MOSFET[2]. The challenge in sub-threshold design is the 

level shifter (LS), to provide fast communication interface to guarantee the correct transmission from different voltage domains. 

I/O pad cells still requires above-threshold supply voltage and thus a sub-threshold level shifter is greatly demanded in SoCs 

designs[3]. 

              
                                          (a)                                                                                               (b) 

 

Fig. 1. Topologies of two level shifters  (a) cross-coupled structure (b) current mirror structure 

 

Fig. 1. shows two level shifter topologies. Fig. 1(a) is a level shifter based on cross-coupled structure. During switching there is a 

strong contention between pull-down and pull-up network and this limits the usage of these type of level shifters. Fig. 1(b) shows 

a level shifter based on current mirror. The advantage of this type of topology is low contention but problem arises with the static 

current through MN1 and MP1 and it causes large standby power. To resolve the major drawback of high ststic current, several  

LS[2-4] are proposed. To prevent high static current, a feedback transistor M2 is used in WCMLS[2].  

In this paper a new level shifting circuit is proposed for wide-range level conversion. To acheive low static power consumption , a 

novel reduced-swing buffer design is used and the speed of the fall transition is improved by using pass transistor. 

 
Fig. 2. Schematic of Wilson Current Mirror Level Shifter 
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II. PROPOSED SYSTEM 

 

The schematic of the proposed level shifter is shown in Fig. 3. By stacking a diode connected transistor , the reduced swing buffer 

suppresses the static current[5]. The transistor M9 recovers the voltage swing and speeds up the fall transition. The proposed  LS 

removes the inverter used in the conventional methods and uses a pass transistor , thus speed of fall transition is enhanced. The 

input is feeded to the M2 transistor and to avoid charge sharing problem in WCMLS[2] and high static current, a feedback transistor  

is added between M2 and ground.    

 
Fig. 3.  Proposed level shifter 

 

Fig. 4 (a) shows the working of the proposed LS for low to high transition. When input is high, transistor M2 is ON and generates  

mirror current. The mirror current charges node n1 and node n3 discharges and output node goes to high. The voltage at node n3 

makes transistor M1 OFF and thus static current in the M2 and M4 is cut down, this makes reduction of voltage swing in node 

n1[1]. Voltage swing in node n2 is also reduced with diode connected transistor , which is shown in Fig. 5 and thus low standby 

power  is obtained. 

                                    
 

Fig. 4. Working of the proposed LS (a) low to high and  (b) high to low 

 

                                  
 

Fig. 5. Voltage drop across  n1 and n2 for preventing static current 

 

Fig. 4 (b) shows working for high to low transition. In this case transistor M2 is in OFF state and current mirror is disabled and pass 

transistor M3 makes node n1 discharging. Node n3 is charged to VDDH with the aid of M9 and output node goes low. The simulated 

behaviors of proposed LS and WCMLS[2] is compared and shown in Fig. 6. 
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Fig. 6. Fall transition delay of WCMLS and Proposed LS 

 

 III. RESULTS AND DISCUSSION 

 

The proposed LS is implemented in a 45-nm process technology. The measured result depicted that the proposed LS converts 

voltage as low as 100mV  to above threshold voltage of 1.2V. Fig. 7. shows the output waveform of the proposed LS. 

                 

 
 

Fig. 7. Output waveform of the proposed LS (VDDL=0.2V , VDDH=1.1V). 

 

Table 1. Measurements of the proposed system 

 

Technology 45nm 

Conversion range 0.1 to 1.1 

 Type Current mirror 

Transistor count 11 

Delay 1.17ns 

Avg.power 679nw 

Energy per transition 15fJ 

 

IV. CONCLUSION 

In this paper, we presented an ultra-low voltage level shifter (LS) that converts deep sub-threshold region to the super-threshold 

region. By employing reduced-swing buffer design and pass transistor, the proposed LS eliminates the leakage current and speeds 

up the fall transition. The tool used for the simulation process is HSPICE and measured results shows that the proposed LS can 

achieve maximum delay and leakage reduction. 
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