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Abstract

An ultra low-power down-conversion level shifter 

using low temperature poly-crystalline silicon thin 

film transistors is proposed for mobile applications. 

The simulation result shows that the power 

consumption of the proposed circuits is only 17% 

and the propagation delay is 48% of those of the 

conventional cross-coupled level shifter without 

additional area. And the measured power 

consumption is only 21% of that of the cross-

coupled level shifter. 

1. Introduction 

System on a Panel (SoP) using low temperature 

poly-crystalline silicon (LTPS) thin film 

transistors (TFTs) has an advantage of low cost by 

integrating peripheral circuits on the panel. 

However, the power consumption of poly-Si 

integrated circuits on a panel tends to be higher 

than that of single-crystalline silicon ICs because 

of higher supply voltage due to high threshold 

voltage and low mobility of poly-Si TFTs[1]. 

Especially, cross-coupled level shifter (CCLS) 

shown in Figure 1(a) consumes enormous power 

because the large amount of short-circuit current 

flows during transition time[2]. The power 

consumption of an unit level shifter block is very 

important because every column requires N level 

shifters in N-bit gray level display, and the power 

of level shifter array is about 10 to 15% of the 

total power consumption of a data driver in 2.2-

inch qVGA OLED panel. This is why there have 

been many efforts to reduce power consumption 

of level shifters. Although the level shifter by 

bootstrapping technique[3] shown in Figure 1(b) 

remarkably reduces power consumption by 

capacitor-coupling structure, but its layout area 

increases by additional two capacitors. 

To overcome aforementioned problems, this 

paper proposes an ultra low-power and high-speed 

level shifter in 2.2-inch qVGA OLED panels. 

2. Operation 

The schematic diagram of the proposed level 

shifter circuits is shown in Figure 1(c), and its 

waveforms are shown in Figure 2. The circuit 

converts the input, IN, which swings from GND 

to VDD to the output, OUTB, which swings from 

VDD to VSS, where the voltage levels of the 

VDD, GND, and VSS are described in Figure 2. 

If the IN is LOW and the CLK is HIGH, P0, N1 

and N2 turn on, so the node A becomes VSS. 

Now the input rises to HIGH during LOW period 

(a)                                    (b) 

 (c) 

Figure 1. Schematic diagrams of level shifter circuits 

(a)cross-coupled level shifter(CCLS), (b)level shifter 

by bootstrapping technique, (c)proposed level 

shifter.
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of the CLK. Because node A simultaneously rises 

to GND by capacitor-coupling, P0 turns off and 

N3 turns on almost immediately. While OUTB is 

VSS, node A is separated from VSS even if CLK 

turns N1 to be on. In case that the input falls to 

LOW, node A becomes VSS. Consequently P0 

turns on and N3 turns off. And while the CLK is 

HIGH, the node A is reset by VSS. Diode 

connected N0 makes voltage of node A less than 

(GND + Vth). 

3. Simulation results 

Figure 3 shows that the propagation delay of the 

proposed level shifter is shorter than that of 

CCLS. The proposed one has about 7ns of 

propagation delay, which is reduced to 47.8% 

compared to CCLS. Moreover, from Figure 4, the 

proposed one is more stable in corner conditions. 

The power consumption of the proposed one is 

just 16.91% of that of CCLS. If we consider the 

power to generate the CLK signal which is made 

by a common CCLS and an inverter for buffering 

12pF load of a long line, whose outputs swing 

from VSS to VDD and from VSS to GND, 

respectively, its power consumption is 18.13% of 

that of CCLS. The proposed level shifter has 

lower peak current than CCLS as shown in Figure 

5. Table 1 summarized simulation results of the 

power consumptions and propagation delays 

according to the level shifter circuit types. 

Although the proposed level shifter has 

additional capacitor, its layout area is almost same 

as that of CCLS because the number of 

interconnection lines is reduced to half of that of 

CCLS and all the TFTs of the proposed level 

shifter can be designed as minimum-size. Figure 6 

shows each layout diagrams of the two level 

shifter circuits, CCLS and the proposed type. 

Table 1. Comparison of power consumptions (per a level 

shifter in 62.5kHz input frequency) and propagation 

delays from simulation result. 

Propagation delay  Power 

consumption Rising Falling 

Figure 1(a) 1.153uW 14.51ns 15.11ns

Figure 1(b) 0.190uW 11.72ns 13.08ns

Proposed 0.195uW 7.045ns 7.115ns

Figure 5. Simulated waveforms of currents in VDD 

(Input frequency is 10Mhz to show rising and 

falling in a window).

Figure 4. Simulated waveforms of output voltages in

corner conditions (Input frequency is 10Mhz to

show rising and falling in a window). 

Figure 3. Simulated waveforms of output voltages in

normal condition (Input frequency is 10Mhz to

show rising and falling in a window).

Figure 2. Input signals and their voltage levels of

proposed level shifter. 

1280 • IMID/IDMC '06 DIGEST

P-156 / S.-S. Ahn



4. Measured results 

The proposed level shifter were implemented in 

2-�m LTPS TFT process. Figure 7 shows 

measured waveforms of proposed level shifter 

when VDDH supply voltage is 5V. The power 

consumption of level shifters were measured 

according to various supply voltage and frequency 

conditions and the summarized result shown as 

figure 8. The power consumption of the proposed 

one  is   21.4%  of  that  of   CCLS   when  supply 

voltage is 5V. Increasing VDDH and IN whose 

swing range still remain 5V, the proposed level 

shifter consume less power at higher supply 

voltage. So the power consumption of the 

proposed one is 16.7% of that of CCLS when 

supply voltage is 10V. 

(a) 

(b)

Figure 8. Measured results of power consumption.

(a) power consumption of cross-coupled level 

shifter varying supply voltage and frequency. (b)

power consumption of proposed level shifter 

varying supply voltage and frequency.

Figure 7. Measured waveforms of proposed level 

shifter at VDDH supply voltage of 5V.

(a)                                          (b) 

Figure 6. Layout diagrams of level shifter circuits.

(a) cross-coupled level shifter. (b) proposed level 

shifter.
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5. Conclusions 

A typical cross-coupled level shifter brings 

about the quite large short-circuit current and the 

long propagation delay. So, we have proposed 

area-efficient capacitive-coupled level shifter, and 

it dramatically reduces the short-circuit current 

and the propagation delay with stable operation. 

The power consumption of the proposed level 

shifter is only about 1/6, and the propagation 

delay is about 1/2 of those of the cross coupled 

level shifter without area increase compared with 

the conventional cross-coupled level shifter. And 

the measured power consumption is only about 

1/5 of that of the cross-coupled level shifter. 

Table 2. System specification. 

Resolution 2.2” qVGA 

Color depth 6bit RGB 

DAC type De-coder type with de-multiplexing 

# of level shifter 240 x 6 

Level shifter input 0 ~ 5V 

Level shifter output -5 ~ 5V 

Load condition Minimum size inverter 
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