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(57) ABSTRACT 

A level shifter circuit is disclosed. The level shifter circuit 
includes a ?rst level shifter circuit and a second level shifter 
circuit. The ?rst level shifter circuit and the second level 
shifter circuit are substantially identical With each other. The 
second level shifter circuit is coupled to the ?rst level shifter 
circuit via a couple of transistors to provide an output and a 
complementary output, respectively. 
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LEVEL SHIFTER CIRCUIT 

BACKGROUND OF INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to electronic circuits 
in general, and in particular, to level shifter circuits. Still 
more particularly, the present invention relates to a level 
shifter circuit having improved characteristics in loW to high 
voltage conversion operations. 

[0003] 2. Description of the Related Art 

[0004] Modern integrated circuit (IC) devices often have 
to interface With IC devices from previous technology 
generations. HoWever, the complementary metal-oxide 
semiconductor (CMOS) voltage levels on IC devices from 
previous technology generations are usually different from 
those on IC devices from the current technology generation. 
Thus, in order to ensure proper interfacing betWeen different 
CMOS voltage levels, modern IC devices must include 
output buffer circuits that are capable of driving voltages 
greater or less than the source voltage. 

[0005] Generally speaking, an output buffer circuit 
includes a level shifter circuit that is coupled to a poWer 
supply having a voltage different from the source voltage. In 
response to the values of the input signals, the level shifter 
circuit uses a set of output drivers to provide output voltages 
accordingly. For eXample, an output buffer circuit that 
receives input signals ranging from 0 V to 0.7 V output is 
capable of providing output signals ranging from 0 V to 3.3 
V, accordingly. 

[0006] The present disclosure describes a level shifter 
circuit having improved characteristics in loW to high volt 
age transition operations. 

SUMMARY OF INVENTION 

[0007] In accordance With a preferred embodiment of the 
present invention, a level shifter circuit includes a ?rst level 
shifter circuit and a second level shifter circuit. 

[0008] The ?rst level shifter circuit and the second level 
shifter circuit are substantially identical With each other. The 
second level shifter circuit is coupled to the ?rst level shifter 
circuit via a couple of transistors to provide an output and a 
complementary output, respectively. 

[0009] All objects, features, and advantages of the present 
invention Will become apparent in the folloWing detailed 
Written description. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] The invention itself, as Well as a preferred mode of 
use, further objects, and advantages thereof, Will best be 
understood by reference to the folloWing detailed descrip 
tion of an illustrative embodiment When read in conjunction 
With the accompanying draWings, Wherein: 

[0011] FIG. 1 is a circuit diagram of a level shifter circuit 
according to the prior art; and 

[0012] FIG. 2 is a circuit diagram of a level shifter circuit 
in accordance With a preferred embodiment of the present 
invention. 
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DETAILED DESCRIPTION 

[0013] Referring noW to the draWings, and in particular, to 
FIG. 1, there is depicted a circuit diagram of a level shifter 
circuit according to the prior art. As shoWn, a level shifter 
circuit 10 includes a p-channel transistor 11 and a p-channel 
transistor 12 having its respective source connected to a 
poWer source VDDZ. Also, the drain of p-channel transistor 
11 is connected to the source of a p-channel transistor 13, 
and the drain of p-channel transistor 12 is connected to the 
source of a p-channel transistor 14. The drain of p-channel 
transistor 13 is connected to the gate of p-channel transistor 
12 and to the drain of an n-channel transistor 15. The drain 
of p-channel transistor 14 is connected to the gate of 
p-channel transistor 11 and to the drain of an n-channel 
transistor 16. Both the source of n-channel transistor 15 and 
the source of n-channel transistor 16 are connected to 
ground. 

[0014] An input signal IN is fed to the gate of p-channel 
transistor 13 and to the gate of n-channel transistor 15 While 
a complementary input signal /IN is fed to the gate of 
p-channel transistor 14 and to the gate of n-channel transis 
tor 16. An output signal OUT can be eXtracted from the drain 
of p-channel transistor 14 and the drain of n-channel tran 
sistor 16. Similarly, an complementary output signal /OUT 
can be extracted from the drain of p-channel transistor 13 
and the drain of n-channel transistor 15. 

[0015] Level shifter circuit 10 converts an input signal IN 
having a voltage amplitude ranging from 0 to VDDl into an 
output signal OUT having a voltage amplitude ranging from 
0 to VDDZ. During operation, When the electric potential of 
the input signal IN is at a logical high of VDDl, n-channel 
transistor 15 is turned on and p-channel transistor 13 is 
turned off, the electric potential of 0 V (i.e., logical loW) is 
fed to the gate of p-channel transistor 12 to turn p-channel 
transistor 12 on. On the other hand, the electric potential of 
the complementary input signal /IN is at a logical loW of 0 
V, and thus n-channel transistor 16 is turned off While 
p-channel transistor 14 is turned on. Therefore, both p-chan 
nel transistors 12 and 14 are turned on and the electric 
potential is shifted such that the output signal OUT becomes 
VDDZ. It is to be noted that p-channel transistor 11 is turned 
off to ensure that the gate of p-channel transistor 12 is held 
at a logical loW of GND. 

[0016] In contrast, When the electric potential of the input 
signal IN to level shifter circuit 10 is at a logical loW of 0 V, 
the electric potential of 0 V occurs at output OUT. Accord 
ingly, an input signal having a voltage amplitude of 0 to 
VDDl can be converted to an output signal having a voltage 
amplitude of 0 to VDDl. 

[0017] Level shifter circuit 10 can easily perform voltage 
level conversions betWeen voltage amplitudes having small 
differences. HoWever, as the difference betWeen voltage 
amplitudes becomes larger and as VDDl approaches the 
threshold voltage of n-channel transistors, it becomes more 
dif?cult for level shifter circuit 10 to perform voltage level 
conversions, resulting in problems as folloWs. 

[0018] Assume VDDl and VDDZ of level shifter circuit 10 
to be 1.2 V and 5.0. Also assume the threshold voltages of 
p-channel transistors 11-14 are —0.9 V, and threshold volt 
ages of n-channel transistors 15-16 are 0.9 V. Under such 
conditions in a steady state of a normal operating condition, 
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if the electric potential of the input signal IN is changed from 
a logical loW of 0 V to a logical high of 1.2 V, then the 
voltage betWeen the gate and the source of n-channel 
transistor 15 exceeds the threshold voltage of n-channel 
transistor 15, thereby turning n-channel transistor 15 on. In 
addition, because the source electric potential of p-channel 
transistor 13 is initially 5 V, the voltage betWeen the gate and 
the source p-channel transistor 13 is —4.1 V, Which exceeds 
the threshold voltage of p-channel transistor 13. Thus, 
p-channel transistor 13 is turned on. P-channel transistor 11 
is also turned on initially, and therefore a penetrating current 
?oWs betWeen the voltage source VDD2 and GND through 
p-channel transistors 11, 13 and n-channel transistor 15. 
Such condition continues as long as either p-channel tran 
sistor 11 or p-channel transistor 13 is not turned off. 

[0019] Furthermore, as the voltage of voltage source 
VDDl gets closer to the threshold voltage of a n-channel 
transistor, the drive strength of the n-channel transistor 
dramatically decreases in accordance With the various pro 
cess and temperature conditions. As a result, the effective 
ness of level shifter circuit 10 is reduced. 

[0020] With reference noW to FIG. 2, there is depicted a 
circuit diagram of a level shifter circuit, in accordance With 
a preferred embodiment of the present invention. 

[0021] As shoWn, a level shifter circuit 20 includes a 
primary level shifter circuit and a secondary level shifter 
circuit. The primary level shifter circuit includes p-channel 
transistors 21-24 and n-channel transistors 25-26. The sec 
ondary level shifter circuit includes p-channel transistors 
31-34 and n-channel transistors 35-36. The primary level 
shifter circuit is coupled to the secondary level shifter circuit 
via n-channel transistors 27-28. 

[0022] For the primary level shifter circuit, both the source 
of p-channel transistor 21 and the source of p-channel 
transistor 22 are connected to a poWer source VDD2. Also, 
the drain of p-channel transistor 21 is connected to the 
source of p-channel transistor 23, and the drain of p-channel 
transistor 22 is connected to the source of p-channel tran 
sistor 24. The drain of p-channel transistor 23 is connected 
to the gate of p-channel transistor 22, the drain of n-channel 
transistor 25 and the drain of n-channel transistor 28. The 
drain of p-channel transistor 24 is connected to the gate of 
p-channel transistor 21, the drain of n-channel transistor 26 
and the drain of n-channel transistor 27. The sources of 
n-channel transistors 25-28 are all connected to ground. 

[0023] For the secondary level shifter circuit, both the 
source of p-channel transistor 31 and the source of p-channel 
transistor 33 are connected to poWer source VDD2. The drain 
of p-channel transistor 31 is connected to the source of 
p-channel transistor 33, and the drain of p-channel transistor 
33 is connected to the source of p-channel transistor 34. The 
drain of p-channel transistor 33 is connected to the drain of 
n-channel transistor 35, the gate of p-channel transistor 32 
and the gate of n-channel transistor 27. The drain of p-chan 
nel transistor 34 is connected to the drain of n-channel 
transistor 36, the gate of p-channel transistor 31 and the gate 
of n-channel transistor 28. The sources of n-channel tran 
sistors 35-36 are connected to ground. 

[0024] An input signal IN can be fed to the gates of 
p-channel transistors 23, 33 and the gates of n-channel 
transistors 25, 35 While a complementary input signal /IN 
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can be fed to the gates of p-channel transistors 24, 34 and the 
gates of n-channel transistors 26, 36 to eXtract an output 
signal OUT from the drain of n-channel transistor 27. 
Similarly, an complementary output signal /OUT can be 
eXtracted from the drain of n-channel transistor 28. 

[0025] For level shifter circuit 20, input signals IN sWitch 
from 0 V to VDDl and output signals OUT sWitch from 0 V 
to VDD2, accordingly. VDDl is generally less than VDD2. For 
eXample, VDDl equals 0.7 V and VDD2 equals 3.3 V. 

[0026] When input signal IN sWitches from a logical 0 to 
a logical 1, transistors 25, 35 are turned on, and transistors 
23, 33 are turned off. In turn, transistors 22 and 32 are turned 
on. On the other hand, transistors 24, 34 are turned on, and 
transistors 26, 36 are turned off. Consequently, transistors 21 
and 31 are turned off. Thus, transistor 27 is turned off and 
transistor 28 is turned on. As a result, a logical 1 (i.e., VDD2) 
occurs at output OUT, and a logical 0 (i.e., GND) occurs at 
complementary output /OUT. 

[0027] When input signal IN sWitches from a logical 1 to 
a logical 0, transistors 25, 35 are turned off, and transistors 
23, 33 are turned on. In turn, transistors 22 and 32 are turned 
off. On the other hand, transistors 24, 34 are turned off, and 
transistors 26, 36 are turned on. Consequently, transistors 21 
and 31 are turned on. Thus, transistor 27 is turned on and 
transistor 28 is turned off. As a result, a logical 0 (i.e., GND) 
occurs at output OUT, and a logical 1 (i.e., VDD2) occurs at 
complementary output /OUT. 

[0028] As has been described, the present invention pro 
vides a level shifter circuit having improved characteristics 
in loW to high voltage transition operations. The primary 
advantage of the present invention is that output transistors, 
such as n-channel transistors 27 and 28, are able to receive 
a full VDD2 voltage at their respective gates, Which can 
increase their drive strength. 

[0029] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment, it 
Will be understood by those skilled in the art that various 
changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention. 

1-6. cancelled 
7. cancelled 
8. A level shifter circuit comprising: 

a primary level shifter circuit having a ?rst invertor circuit 
coupled to a poWer source via a ?rst p-channel tran 
sistor, and a second invertor circuit coupled to said 
poWer source via a second p-channel transistor, 
Wherein an output of said ?rst invertor circuit is con 
nected to a gate of said second p-channel transistor, and 
an output of said second invertor circuit is connected to 
a gate of said ?rst p-channel transistor; and 

a secondary level shifter circuit substantially identical to 
said primary level shifter circuit, Wherein said second 
ary level shifter circuit is coupled to said primary level 
shifter circuit via a ?rst driver transistor to provide an 
output and a second driver transistor to provide an 
complementary output. 

9. cancelled 
10. cancelled 
11. The circuit of claim 8, Wherein said secondary level 

shifter circuit includes a third invertor circuit coupled to said 
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power source via a third p-channel transistor, and a second 
invertor circuit coupled to said poWer source via a fourth 
p-channel transistor. 

12. The circuit of claim 11, Wherein an output of said third 
invertor circuit is connected to a gate of said fourth p-chan 
nel transistor, and an output of said third invertor circuit is 
connected to a gate of said third p-channel transistor. 

13. The circuit of claim 12, Wherein one of said plurality 
of driver transistors is connected betWeen said output of said 
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second invertor circuit and output of said third invertor 
circuit to provide said output. 

14. The circuit of claim 13, Wherein another one of said 
plurality of driver transistors is connected betWeen said 
output of said ?rst invertor circuit and output of said fourth 
invertor circuit to provide said complementary output. 

15. The circuit of claim 14, Wherein said ?rst and second 
driver transistors are n-channel transistors. 

* * * * * 


