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(57) ABSTRACT 

NeW level shifting circuits, one using dynamic current 
compensation and one using dynamic voltage equalization, 
are described. An input sWings betWeen a low supply and 
ground. An output sWings betWeen a high supply and 
ground. An inverter input is connected to the input of the 
level shifting circuit to form an inverted level shifting input. 
A?rst NMOS transistor has the gate tied to the level shifting 
input and the source tied to ground. A ?rst PMOS transistor 
has the gate tied to the level shifting output, the source tied 
to the high supply, and the drain tied to the ?rst NMOS drain. 
A second NMOS transistor has the gate tied to the inverted 
level shifter input, the source tied to the ground, and the 
drain tied to the level shifting output. A second PMOS 
transistor has the gate tied to the ?rst NMOS drain, the 
source tied to the high supply, and the drain is tied to the 
level shifting output. A third NMOS transistor has the gate 
tied to the ?rst NMOS drain, v source tied to the level 
shifting input, and the drain tied to the level shifting output. 
A fourth NMOS transistor has the gate tied to the second 
NMOS drain, the source tied to the inverted level shifting 
input, and the drain tied to the ?rst NMOS drain. 
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LEVEL SHIFTER FOR ULTRA-DEEP SUBMICRON 
CMOS DESIGNS 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The invention relates to digital integrated circuits, 
and more particularly, to a circuit that allows a digital signal 
to be level shifted from a loW voltage supply to a high 
voltage supply. 
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biased at betWeen about 0.9 Volts and 2.5 Volts. The high 
voltage supply VCCH 42 is biased at betWeen about 3 Volts 
and 5 Volts. The purpose of the level shifting circuit is to 
convert the input signal IN 26 from a sWing of betWeen 0 
Volts and VCCL 34 to a sWing of betWeen 0 Volts and VCCH 
42 at the output node OUT 30. 

[0008] The prior art level shifting circuit eXhibits dc 
voltage and transistor sWitching characteristics according to 
Table 1 beloW: 

TABLE 1 

VSS 

VCCL 

VCCL VSS 

OUT OUTB MN1 MP1 MN2 

VCCH OFF ON OFF 

VCCH VSS ON OFF ON 

MN3 MP2 MP3 

ON ON OFF 

OFF OFF ON 

[0003] (2) Description of the Prior Art 

[0004] Ultra deep subrnicron CMOS technologies are used 
to create digital integrated circuits With very high transistor 
densities and very high sWitching speeds. These subrnicron 
CMOS transistors have very thin gate oXide and very loW 
threshold voltages. To facilitate use of ultra deep subrnicron 
CMOS processes, the supply voltage for the high density 
logic core must be loWered to improve device reliability. 
Supply voltages of betWeen about 2.5 Volts and 3.3 Volts, 
Which have been typical for prior art CMOS logic devices, 
have to be reduced to a loW voltage regime of, for example, 
betWeen about 0.9 Volts and 2.5 Volts. 

[0005] While the supply voltage of the core logic section 
is being reduced, the supply voltage for the input/output 
section of the integrated circuit must be kept at a higher level 
to assure adequate signal-to-noise ratio and compatibility 
With other devices. Where digital signals in the loW voltage 
core must be transmitted off the integrated circuit, signal 
level shifting is therefore necessary. A level shifting circuit 
is used to increase the upper voltage sWing of the loW 
voltage signal, from a loW voltage to a high voltage. 

[0006] Referring noW to FIG. 1, a prior art level shifting 
circuit is shoWn. This level shifting circuit uses four types of 
transistors. LoW voltage NMOS transistors 10 and loW 
voltage PMOS transistors 14 are used in the loW supply 
voltage VCCL 34 section. High voltage NMOS transistors 
18 and high voltage PMOS transistors 22 are used in the 
high supply voltage VCCH section. The loW voltage tran 
sistors 10 and 14 have a thinner gate oXide than the high 
voltage transistors 18 and 22. In addition, the loW voltage 
transistors 10 and 14 have a loW threshold voltage of 
betWeen about 0.2 Volts and 0.35 Volts for NMOS 10 and 
betWeen about —0.2 Volts and —0.35 Volts for PMOS 14. 
High voltage devices have a threshold voltage of betWeen 
about 0.4 Volts and 0.7 Volts for NMOS 18 and betWeen 
about —0.4 Volts and —0.7 Volts for PMOS 22. 

[0007] The prior art level shifting circuit uses an inverter 
made up of transistors MN1 46 and MP1 50 and a differ 
ential pair made up of transistors MN2 54, MN3 58, MP2 62, 
and MP3 66. Generally, the loW voltage supply VCCL 34 is 

[0009] Note that the prior art level shifting circuit exhibits 
no dc static current consumption. Since the input signal IN 
26 only connects to the gates of transistors MN1 46, MP1 
50, and MN2 54, there is no dc input leakage path. Only one 
of the inverter pair MN1 46 and MP1 50 is ON in either 
state. Therefore, there eXists no static current path from 
VCCL 34 to VSS 38. Finally, since only the pair MN2 54 
and MP3 66 or the pair MN3 58 and MP2 62 are ON at any 
given time, there exists no static current path betWeen 
VCCH and VSS. 

[0010] Note also that the high supply voltage VCCH is 
only applied to the thick oXide devices MN2 54, MN3 58, 
MP2 62 and MP3 66. Therefore, reliability concerns for the 
thin oXide devices are eliminated. 

[0011] To illustrate the ac performance of the prior art 
level shifting circuit, consider the case of the input signal IN 
26 switching from VSS to VCCL. First, transistor MN2 54 
turns ON. At this point, transistor MP2 62 remains ON. 
Therefore, While MN2 54 is driving node OUTB 28 to VSS, 
MP2 62 is concurrently driving node OUTB 28 to VCCL. 
After transistor MP1 50 turns OFF, the inverter output INB 
27 transitions to VSS. Transistor MN3 58 is therefore turned 
OFF. Finally, once the voltage at node OUTB 28 is dis 
charged, transistor MP3 66 is turned ON. MP3 66 drives the 
output node OUT 30 to VCCH and turns OFF MP2 62. 

[0012] An analysis of the ac operation of the prior art level 
shifting circuit reveals a serious sWitching delay When the 
design is used in an ultra-deep subrnicron process. In such 
processes, the VCCL 34 voltage is very small to facilitate the 
usage of very small devices With very thin gate oXides, 
shalloW junctions, and shrinking threshold voltages. HoW 
ever, the key input transistors of the circuit, MN2 54 and 
MN3 58, still have large voltage thresholds. Therefore, the 
Idsat of these thick gate NMOS devices, at the relatively 
small gate drive of VCCL, is also small. If, as in the example 
case, MN2 54 must drive node OUTB 28 against MP2 62, 
then the reduced Idsat of MN2 54 Will cause the OUTB signal 
transition to take a long time. 

[0013] In addition, since OUTB 28 initially remains at or 
near VCCH 42, transistor MP3 66 is OFF. At the same time, 
transistor MN3 58 is in the off-state once INB 27 discharges 
to VSS. In this condition, the output node OUT 30 is 
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?oating. The voltage level of OUT 30 Will depend on the 
load and the reverse saturation current of the MP3 66 
drain-to-N Well and the MN3 58 drain-to-P Well junction 
diodes during the transition time prior to MN2 54 discharg 
ing OUTB 28 to VSS. 

[0014] Finally, the Idlsat of MN2 54 and of MN3 58 may be 
made larger than the Idlsat of MP2 62 and of MP3 66 by 
making MN2 and MN3 sufficiently large to overcome the 
relatively small gate drive. HoWever, this adds substantially 
to the area required for the level shifting circuit. In addition, 
the parasitic capacitance from the gate of MP3 66 and the 
drain junction of MP2 62 must be discharged by MN2 54 
during a transition. 

[0015] Several prior art inventions describe circuits for 
level shifting and handling higher voltage supplies in loW 
voltage CMOS applications. US. Pat. No. 6,043,699 to 
ShimiZu describes level shifting circuits With higher speed 
or With eXtended operating ranges. US. Pat. No. 6,043,698 
to Hill teaches a level shifting circuit using a latch and 
resistors in the interface section. US. Pat. No. 5,892,371 to 
Maley discloses a level shifting circuit con?gured to protect 
MOS transistors from gate oXide failure by limiting the 
voltage across any one transistor. US. Pat. No. 5,729,155 to 
Kobatake describes a level shifting circuit Where an NMOS 
transistor and a PMOS transistor are connected in series 
betWeen the top rail PMOS transistor and the bottom rail 
NMOS transistor. The additional transistors are biased to 
?xed voltage references to insure that each device is ON. 
The presence of the transistor pair reduces the voltage stress 
on each device in the stack. US. Pat. No. 5,539,334 to 
Clapp, III et al discloses a circuit, comprising loW voltage 
components, that can be used With a high voltage supply. 
The level shifting circuit embodiment may accommodate 
multiple poWer supplies. US. Pat. No. 5,821,800 to Le et al 
teaches a level shifting circuit capable of high voltage 
operation using loW voltage CMOS devices. One or more 
complementary NMOS and PMOS pairs are used betWeen 
the top rail PMOS and the bottom rail NMOS transistors. 
The complementary devices are not self-biased. US. Pat. 
No. 5,153,451 to Yamamura et al describes a level shifting 
circuit that has a fail-safe mode. The output state is guar 
anteed high or guaranteed loW if the input signal voltage 
falls beloW a predetermined level. US. Pat. No. 5,698,993 
to ChoW discloses a level shifting circuit Where an NMOS 
transistor is added to each side of the differential pair to 
improve sWitching speed and symmetry. The gates of the 
added NMOS devices are biased to a constant loW voltage 
supply. US. Pat. No. 5,705,946 to Yin teaches a tWo-stage 
level shifter using a voltage divider input. US. Pat. No. 
5,917,339 to Kim describes a miXed voltage input buffer. 
US. Pat. No. 5,963,061 to Briner discloses a level shifting 
circuit using complementary NMOS and PMOS transistor 
pairs stacked betWeen the rail devices as guard devices to 
limit high voltage exposure. The complementary pairs may 
be biased to the same constant voltage source or to inde 
pendent constant voltage sources. US Pat. No. 5,963,054 to 
Cochran et al teaches a circuit for sWitching voltages greater 
than the gate oXide breakdown of the MOS transistors Will 
alloW. A transistor pair is disposed betWeen the PMOS and 
NMOS sWitching transistors. US. Pat. No. 5,450,357 to 
Coffman describes a level shifting circuit for selecting 
different voltage levels for programming memory cells. 
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SUMMARY OF THE INVENTION 

[0016] A principal object of the present invention is to 
provide a level shifting circuit, that is, a circuit that alloWs 
a digital signal to be level shifted from a loW voltage supply 
to a high voltage supply. 

[0017] A further object of the present invention is to 
provide a level shifting circuit that can interface ultra-deep 
submicron devices and high voltage devices. 

[0018] A yet further object of the present invention is to 
provide a level shifting circuit With higher sWitching speed. 

[0019] Another yet further object of the present invention 
is to provide a level shifting circuit With a reduced area. 

[0020] Another yet further object of the present invention 
is to provide a level shifting circuit With high reliability. 

[0021] Another yet further object of the present invention 
is to provide a level shifting circuit With no static current 
draW. 

[0022] In accordance With the objects of this invention, a 
neW level shifting circuit, using dynamic current compen 
sation, is described. An input sWings betWeen a loW supply 
and ground. An output sWings betWeen a high supply and 
ground. An inverter has an input and an output. The input is 
connected to the input of the level shifting circuit, and the 
output forms an inverted level shifting input. A ?rst NMOS 
transistor has the gate connected to the level shifting input 
and the source connected to ground. A?rst PMOS transistor 
has the gate connected to the level shifting output, the source 
connected to the high supply, and the drain connected to the 
?rst NMOS transistor drain. A second NMOS transistor has 
the gate connected to the inverted level shifting input, the 
source connected to ground, and the drain connected to the 
level shifting output. A second PMOS transistor has the gate 
connected to the ?rst NMOS transistor drain, the source 
connected to the high supply, and the drain connected to the 
level shifting output. A third NMOS transistor has the gate 
connected to the ?rst NMOS transistor drain, the source 
connected to the level shifting input, and the drain connected 
to the level shifting output. A fourth NMOS transistor has 
the gate connected to the second NMOS transistor drain, the 
source connected to the inverted level shifting input, and the 
drain connected to the ?rst NMOS transistor drain. 

[0023] Also in accordance With the objects of this inven 
tion, a neW level shifting circuit, using dynamic voltage 
equalization, is described. An input sWings betWeen a loW 
supply and ground. An output sWings betWeen a high supply 
and ground. An inverter has an input and an output. The 
input is connected to the input of the level shifting circuit, 
and the output forms an inverted level shifting input. A ?rst 
NMOS transistor has the gate connected to the level shifting 
input and the source connected to ground. A ?rst PMOS 
transistor has the gate connected to the level shifting output, 
the source connected to the high supply, and the drain 
connected to the ?rst NMOS transistor drain. A second 
NMOS transistor has the gate connected to the inverted level 
shifting input, the source connected to ground,, and the drain 
connected to the level shifting output. A second PMOS 
transistor has the gate connected to the ?rst NMOS transistor 
drain, the source connected to the high supply, and the drain 
connected to the level shifting output. A transition pulse 
circuit has an output that is at ground during steady state and 
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that pulses to the loW supply for a short duration When the 
level shifting input changes state. A third NMOS transistor 
has the gate connected to the transition pulse circuit output, 
the source connected to the level shifting output, and the 
drain connected to the ?rst NMOS transistor drain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] In the accompanying draWings forming a material 
part of this description, there is shoWn: 

[0025] FIG. 1 illustrates a schematic of a prior art level 
shifting circuit. 

[0026] FIG. 2 illustrates a schematic of a ?rst preferred 
embodiment of the present invention. 

[0027] FIG. 3 illustrates a schematic of a second preferred 
embodiment of the present invention. 

[0028] FIG. 4 graphically illustrates the signal timing of 
the second preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The embodiments disclose the application of the 
present invention to a level shifting circuit combining loW 
voltage and high voltage devices. It should be clear to those 
experienced in the art that the present invention can be 
applied and eXtended Without deviating from the scope of 
the present invention. 

[0030] Referring noW particularly to FIG. 2, there is 
shoWn a schematic of the ?rst embodiment of the present 
invention. The ?rst embodiment level shifting circuit uses a 
dynamic current compensation technique to reduce sWitch 
ing delay. The ?rst embodiment circuit uses four types of 
MOS transistors. LoW voltage NMOS 80 and PMOS 84 
transistors are used. High voltage NMOS 88 and PMOS 92 
transistors are also used. As in the prior art eXample, the loW 
voltage transistors 80 and 84 have the thin oXide and the 
shalloW junctions consistent With an ultra-deep submicron 
process. The loW voltage NMOS devices 80 have voltage 
thresholds of betWeen about 0.2 Volts and 0.35 Volts While 
the PMOS devices 84 have voltage thresholds of betWeen 
about —0.2 Volts and —0.35 Volts. The loW voltage transistors 
80 and 84 have an operating range of up to about 2.5 volts 
before avalanche or gate oXide breakdoWn occurs. 

[0031] The high voltage devices 88 and 92 have thicker 
oXide and deeper junctions so that these devices Will With 
stand greater drain to source and drain to gate voltages 
Without avalanche or gate oXide breakdoWn. The high volt 
age NMOS transistors 88 have a voltage threshold of 
betWeen about 0.4 Volts and 0.7 Volts While the comple 
mentary PMOS transistors 92 have a voltage threshold of 
betWeen about —0.4 Volts and —0.7 1Volts. The high voltage 
transistors have an operating range of up to about 5 Volts and 
as high as about 30 Volts before avalanche or gate oXide 
breakdown occurs. 

[0032] The purpose of the present invention is to increase 
the voltage sWing of the signal IN 96 from the loW supply 
voltage, or, simply, the loW supply, Which is labeled VCCL 
104 to the high supply voltage, or, simply, the high supply, 
Which is labeled VCCH 112. VCCL 104 is the voltage 
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supply for the loW voltage transistors that make up the core 
logic of an integrated circuit manufactured by the submicron 
process. The VCCL 104 supply voltage is designed to 
operate, for eXample, at betWeen about 0.9 Volts and 2.5 
Volts and as loW as about 0.5 Volts. The IN signal 96 Will 
therefore vary betWeen about the ground reference, VSS 
108, that is typically at 0 Volts, and the VCCL supply 104 
level in the tWo digital states of loW and high, respectively. 

[0033] The high supply, or VCCH 112, is biased to operate 
at, for eXample, betWeen about 3.0 Volts and 5.0 Volts, and 
as loW as about 1 Volt and as high as about 30 Volts. This 

voltage level is used in the input/output (I/O) section of the 
integrated circuit and is consistent With the voltage level 
needed for compatibility outside the chip. The level shifted 
output signal, OUT 100, has a voltage sWing of betWeen 
VSS 108 and VCCH 112 for the digital loW and high states, 
respectively. The level shifting circuit of the ?rst preferred 
embodiment produces a level shift from the loW voltage IN 
96 signal to the high voltage OUT 100 signal While main 
taining the logical state of the signal. A high level on IN 96 
Will generate a high level on OUT 100, While a loW level on 
IN 96 Will generate a loW level on OUT 100. 

[0034] An inverter is formed by the loW voltage NMOS 
transistor MN1 116 and the loW voltage PMOS transistor 
MP1 120. This inverter is poWered by the VCCL supply 104. 
The gates of MN1 116 and MP1 120 are connected to the IN 
signal 96. The drains of the MN1 116 and MP1 120 are 
connected together and produce an inversion of the IN signal 
96 that is labeled INB 97. 

[0035] High voltage NMOS transistors MN2 124 and 
MN3 128 and high voltage PMOS transistors MP2 132 and 
MP3 136 form a differential pair con?guration With con 
nections like that of the prior art. Transistor MN2 124 has the 
gate connected to IN 96, the source connected to VSS 108, 
and the drain connected to the node OUTB 98. Transistor 
MN3 128 has the gate connected to INB 97, the source 
connected to VSS 108, and the drain connected to OUT 100. 
Transistor MP2 132 has the gate connected to OUT 100, the 
source connected to VCCH 112, and the drain connected to 
OUTB 98. Transistor MP3 136 has the gate connected to 
OUTB, the source connected to VCCH 112, and the drain 
connected to OUT 100. 

[0036] Note the novel addition of tWo high voltage NMOS 
transistors, MN4 140 and MN5 141, to the circuit. Particu 
larly, transistor MN4 140 has the gate connected to OUTB 
98, the drain connected to IN 96 and the source connected 
to OUT 100. Transistor MN5 141 has the gate connected to 
OUT 100, the drain connected to INB 97, and the source 
connected to OUTB 98. The presence of transistors MN4 
140 and MN5 141 produces a dynamic current compensa 
tion effect, during sWitching, that signi?cantly improves the 
performance of the level shifting circuit While reducing the 
layout area. 

[0037] The ?rst embodiment level shifting circuit exhibits 
dc voltage and transistor sWitching characteristics according 
to Table 2 beloW: 
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TABLE 2 

IN INB OUT OUTB MN1 MP1 MN2 MN3 MP2 MP3 MN4 MN5 
VSS VCCL VSS VCCH OFF ON OFF ON ON OFF ON OFF 
VCCL VSS VCCH VSS ON OFF ON OFF OFF ON OFF ON 

[0038] Note that the level shifting circuit exhibits no dc 
static current consumption. Only one transistor of the 
inverter pair MN1 116 and MP1 120 is ON in either state. 
Therefore, there exists no static current path from VCCL 104 
to VSS 108. Since only the pair MN2 124 and MP3 136 or 
the pair MN3 128 and MP2 132 are ON at any given time, 
there exists no static current path betWeen VCCH and VSS. 
When transistor MN4 140 is ON, the drain and source are 
both already at VSS 108. Therefore, there is no static current 
?oW. The same condition is true for MN5 141, Where both 
drain and source are at VSS When this transistor is ON. 

[0039] Note also that the high supply voltage VCCH 112 
is only applied to the thick oxide devices MN2 124, MN3 
128, MP2 132, MP3 136, MN4 140, and MN5 141. There 
fore, reliability concerns for the thin oxide devices are 
eliminated. 

[0040] To illustrate the ac performance of the ?rst embodi 
ment of the shifting circuit, consider the case of the input 
signal IN 96 sWitching from VSS to VCCL. First, the rise in 
gate voltage turns transistor MN2 124 ON. At this point, 
transistor MP2 132 also remains ON since the pre-sWitching 
bias of OUT 100 Was loW. Therefore, as in the prior art, the 
initial condition of the left side of the differential pair, after 
IN 96 sWitches states, is that MN2 124 is driving node 
OUTB 98 to VSS While MP2 132 is concurrently driving 
node OUTB 98 to VCCH. 

[0041] The voltage change in IN 96 turns off transistor 
MP1 120 While transistor MN1 116 drives INB 97 to VSS. 
The loss of gate voltage causes transistor MN3 128 to turn 
OFF. Since the pre-sWitching bias on the gate of MP3 136 
Was VCCH, MP3 136 remains OFF. Therefore, the initial 
condition of the right side of the differential pair, after INB 
transitions loW, is that both MN3 128 and MP3 136 are OFF. 
Therefore, Without the dynamic current compensation of the 
?rst embodiment, the OUT node 100 Would be ?oating as in 
the prior example. This combination of conditions for the 
left and right sides of the differential pair Would lead to long 
sWitching delays. 

[0042] HoWever, the presence of the dynamic current 
compensation transistors, MN4 140 and MN5 141 drasti 
cally improves the sWitching speed. Continuing the analysis 
of the case Where IN 96 sWitches from VSS to VCCL, note 
that the pre-sWitching bias of the gate of MN4 140 is VCCH. 
After IN 96 sWitches to VCCL, a large drain-to-source 
voltage exists across the transistor, MN4 140. MN4 140 is 
therefore turned slightly ON. MN4 140 Will then provide a 
current source to begin charging up the OUT 100 node to 
VCCL voltage minus the threshold of MN4 (VCCL 
VtMN4). As the voltage of OUT 100 increases, the gate drive 
on MP2 132 is reduced and the Idsat of MP2 132 is reduced. 
MN2 is therefore able to more rapidly discharge the capaci 
tance on the OUTB 98 to VSS. Finally, once the voltage at 
node OUTB 98 is suf?ciently discharged, transistor MP3 
136 is turned ON. MP3 136 drives the output node OUT 100 
to VCCH and completely turns OFF MP2 132. 

[0043] The case Where IN 96 sWitches from VCCL to VSS 
Works in similar fashion With transistor MN5 141 Working 
as a dynamic current source to rapidly charge up the OUTB 
node 98 and thereby reduce the Idsat of MP3 136. 

[0044] The analysis of the ac operation of the ?rst embodi 
ment level shifting circuit demonstrates hoW the design may 
be used in an ultra-deep submicron process to reduce 
sWitching delay. By adding dynamic current compensation 
through devices, MN4 140 and MN5 141, the problem of the 
loW Idsat thick gate NMOS input devices, MN2 124 and 
MN3 128, is ?xed. The circuit sWitches faster and demon 
strates symmetric sWitching delays. 

[0045] In addition, for a given sWitching speed require 
ment, MN2 124 and MN3 128 may be made substantially 
smaller than Would be necessary in the prior art design. Even 
With the additional transistors, MN4 140 and MN5 141, the 
layout area required for the level shifting circuit is reduced. 

[0046] Referring noW to FIG. 3, a second preferred 
embodiment of the present invention is illustrated in sche 
matic form. The second embodiment level shifting circuit 
uses a dynamic voltage equalization technique to reduce 
sWitching delay. The second embodiment circuit again uses 
four types of MOS transistors. LoW voltage NMOS 200 and 
PMOS 204 transistors are used. High voltage NMOS 208 
and PMOS 212 transistors are also used. The loW and high 
voltage transistors have the same properties as those 
described above in the ?rst embodiment. 

[0047] Once again, the purpose of the present invention is 
to increase the voltage sWing of the signal IN 216 from the 
loW supply, Which is labeled VCCL 224, to the high supply, 
Which is labeled VCCH 232. VCCL 224 is the voltage 
supply for the loW voltage transistors that make up the core 
logic of an integrated circuit and is designed to operate at, 
for example, betWeen about 0.9 Volts and 2.5 Volts, and as 
loW as about 0.5 Volts. The IN signal 216 Will therefore vary 
betWeen about the ground reference, VSS 228, that is 
typically at 0 Volts, and the VCCL supply 224 level in the 
tWo digital states of loW and high, respectively. 

[0048] The high supply, or VCCH 232, is biased to operate 
at, for example, betWeen about 3.0 Volts and 5.0 Volts, and 
as loW as about 1 Volt and as high as about 30 Volts, for the 
input/output (I/O) section of the integrated circuit. The level 
shifted output signal, OUT 220, has a voltage sWing of 
betWeen VSS 228 and VCCH 232 for the digital loW and 
high states, respectively. The level shifting circuit of the 
second preferred embodiment produces a level shift from the 
loW voltage IN 216 signal to the high voltage OUT 220 
signal While maintaining the logical state of the signal. A 
high level on IN 216 Will generate a high level on OUT 220, 
While a loW level on IN 216 Will generate a loW level on 
OUT 220. 

[0049] An inverter is formed by the loW voltage NMOS 
transistor MN1 236 and the loW voltage PMOS transistor 
MP1 240. This inverter is poWered by the VCCL supply 224. 
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The gates of MN1 236 and MP1 240 are connected to the IN 
signal 216. The drains of the MN1 236 and MP1 240 are 
connected together and produce an inversion of the IN signal 
216 that is labeled INB 217. 

[0050] High voltage NMOS transistors MN2 244 and 
MN3 248 and high voltage PMOS transistors MP2 252 and 
MP3 256 form a differential pair con?guration With con 
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[0054] Referring once again to FIG. 3, the gate of tran 
sistor MN4 260 is connected to GATE3 268. The drain and 
source of MT4 260 are connected to the OUTB 218 and 

OUT 220 nodes, respectively. 

[0055] The second embodiment level shifting circuit 
exhibits dc voltage and transistor sWitching characteristics 
according to Table 3 beloW: 

TABLE 3 

IN INB 

VSS VCCL 

VCCL VSS VCCH VSS 

OUTB MN1 MP1 MN2 MN3 MP2 MP3 GATE3 MN4 

VCCH OFF ON OFF ON ON OFF LOW OFF 

ON OFF ON OFF OFF ON LOW OFF 

nections like that of the prior art. Transistor MN2 244 has a 
gate connected to IN 216, a source connected to VSS 228, 
and a drain connected to the node OUTB 218. Transistor 
MN3 248 has a gate connected to INB 217, a source 
connected to VSS 228, and a drain connected to OUT 220. 
Transistor MP2 252 has a gate connected to OUT 220, a 
source connected to VCCH 232, and a drain connected to 
OUTB 218. Transistor MP3 256 has a gate connected to 
OUTB 218, a source connected to VCCH 232, and a drain 
connected to OUT 220. 

[0051] A novel dynamic voltage equalization is added to 
the circuit through the addition of the transition pulse circuit 
264, implemented herein as an exclusive NOR (XNOR) gate 
264, and the high voltage NMOS transistor MN4 260. The 
transition pulse circuit 264 is a circuit With an output, 
connected to the node GAT E3 268, that is normally at VSS 
and that pulses to VCCL for a short duration Whenever a 
signal transition is sensed on the IN node 216. 

[0052] The transition pulse circuit 264 may use any 
arrangement of transistor logic that produces such a transi 
tion pulse. In this embodiment example, an XNOR gate 264 
is used. This XNOR gate 264 comprises a conventional 
CMOS transistor arrangement using loW voltage devices. 
The XNOR gate 264 has tWo inputs and one output. The ?rst 
input is connected to the IN signal 216. The second input is 
connected to the INB signal 217. The XNOR output is 
GATE3 268 and is connected to the gate of the transistor 
MN4 260. During steady state, When IN 216 is unchanging, 
the inputs to the XNOR 264 are either 0 and 1 or 1 and 0. 
Therefore, the output of the XNOR 264 is VSS. 

[0053] Referring noW to FIG. 4, When a transition occurs 
at circuit input IN 300, for example, When IN rises from VSS 
to VCCL, then this signal change Will propagate through the 
inverter. HoWever, a delay occurs before INB 304 falls. 
During the delay time, both IN 300 and INB 304 are high. 
The logic requirement for the XNOR gate is thereby satis 
?ed so that the GATE3 node 308 is driven high. Note that the 
XNOR gate is constructed to sWitch more quickly than the 
inverter. Once the inverter does sWitch, the XNOR gate 
senses a return to the steady-state condition Where IN 300 
and INB 304 are of opposite states. GATE3 308 is driven 
back to VSS. The pulse generated by the transition pulse 
circuit is typically betWeen about 0.2 nanoseconds and 0.3 
nanoseconds. 

[0056] Note that the level shifting circuit exhibits no dc 
static current consumption. Only one transistor of the 
inverter pair MN1 236 and MP1 240 is ON in either state. 
Therefore, there exists no static current path from VCCL 224 
to VSS 228. Since only the pair MN2 244 and MP3 256 or 
the pair MN3 248 and MP2 252 are ON at any given time, 
there exists no static current path betWeen VCCH and VSS. 
The XNOR gate 264 exhibits no static current. Finally, MN4 
260 is OFF during steady state. 

[0057] Note also that the high supply voltage VCCH 112 
is only applied to the thick oxide devices MN2 244, MN3 
248, MP2 252, MP3 256, and MN4 260. Therefore, reli 
ability concerns for the thin oxide devices are eliminated. 

[0058] To illustrate the ac performance of the second 
embodiment of the level shifting circuit, consider again the 
case of the input signal IN 216 sWitching from VSS to 
VCCL. First, the rise in gate voltage turns transistor MN2 
244 ON. At this point, transistor MP2 252 also remains ON 
since the pre-sWitching bias of OUT 220 Was loW. Therefore, 
as in the prior art, the initial condition of the left side of the 
differential pair, after IN 216 sWitches states, is that MN2 
244 is driving node OUTB 98 to VSS While MP2 252 is 
concurrently driving node OUTB 98 to VCCL. 

[0059] As previously described, the transition pulse circuit 
264, herein comprising an XNOR gate 264, Will drive the 
GATE3 node to VCCL soon after IN 216 transitions to 
VCCL. Transistor MN4 260 is therefore turned ON to cause 
the OUT node 220 to be shorted to the OUTB node 218. A 
dynamic voltage equaliZation occurs betWeen nodes OUTB 
218 and OUT 220. The voltage on OUT 220 is thereby 
pulled from VSS up to a higher voltage, typically in the 
range of betWeen about 0.5 Volts and 1.2 Volts. By intro 
ducing this voltage step on the OUT node 220, the gate drive 
of MP2 252 is reduced. The Idsat of MP2 252 is thereby 
reduced so that MN2 244 can effectively drive OUTB to 
VSS more quickly. In addition, the OUTB node 218 is 
driven loWer through the path of MN4 260 and MN3 248 
during this short transition time. Transistor MP3 256 begins 
to conduct and pull OUT 220 higher. This also causes the 
gate drive on MP2 252 to be reduced. 

[0060] Once the inverter transistors, MN1 236 and MP1 
240, ?nally drive INB 217 to VSS, then transistor MN3 248 
is turned OFF. The pulse transition circuit 264 senses that IN 
216 and INB 217 have returned to a steady-state condition 
and GATE3 268 is driven back to VSS. Once MN2 244 
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discharges the capacitance on OUTB 218 to VSS, transistor 
MP3 256 is turned ON. MP3 256 drives the output node 
OUT 220 to VCCH and completely turns OFF MP2 252. 

[0061] The case Where IN 216 sWitches from VCCL to 
VSS Works in similar fashion With transistor MN4 141 
Working as a dynamic voltage equaliZer to step up the 
voltage on the OUTB node 218 and thereby reduce the Idsat 
of MP3 256. 

[0062] The analysis of the ac operation of the second 
embodiment level shifting circuit demonstrates hoW the 
design may be used in an ultra-deep submicron process to 
reduce sWitching delay. By adding dynamic voltage equal 
iZation through the transition pulse circuit 264 and transistor 
MN4 260, the problem of the loW Idsat of thick gate NMOS 
input devices, MN2 244 and MN3 248, is ?xed. The circuit 
Will sWitch faster and demonstrates symmetric sWitching 
delays. 

[0063] In addition, for a given sWitching speed require 
ment, MN2 244 and MN3 248 may be made substantially 
smaller than Would be necessary in the prior art design. Even 
With the addition of the transition pulse circuit 264 and the 
transistor MN4 260, the layout area required for the level 
shifting circuit is reduced. 

[0064] As shoWn in the preferred embodiments, the 
present invention provides an effective method for increas 
ing the sWitching speed of the level shifting circuit. In 
addition, for a given speed requirement, the area of the level 
shifting circuit can be reduced because the siZe of the high 
voltage NMOS input transistors could be reduced. One 
embodiment adds a dynamic current compensation to the 
level shifting circuit. A second embodiment adds a dynamic 
voltage equalization to the level shifting circuit. 

[0065] While the invention has been particularly shoWn 
and described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A level shifting circuit comprising: 

a circuit input that sWings betWeen a loW supply and 
ground; 

a circuit output that sWings betWeen a high supply and 
said ground; 

an inverter With input connected to said circuit input and 
output forming inverted circuit input; 

a ?rst NMOS transistor With gate connected to said circuit 
input and With source connected to said ground; 

a ?rst PMOS transistor With gate connected to said circuit 
output, With source connected to said high supply, and 
With drain connected to said ?rst NMOS transistor 

drain; 
a second NMOS transistor With gate connected to said 

inverted circuit input, With source connected to said 
ground, and With drain connected to said circuit output; 

a second PMOS transistor With gate connected to said ?rst 
NMOS transistor drain, With source connected to said 
high supply, and With drain connected to said circuit 
output; 
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a third NMOS transistor With gate connected to said ?rst 
NMOS transistor drain, With source connected to said 
circuit input, and With drain connected to said circuit 
output; and 

a fourth NMOS transistor With gate connected to said 
second NMOS transistor drain, With source connected 
to said inverted circuit input, and With drain connected 
to said ?rst NMOS transistor drain. 

2. The circuit according to claim 1 Wherein said inverter 
comprises an NMOS transistor and a PMOS transistor. 

3. The circuit according to claim 2 Wherein said NMOS 
transistor and said PMOS transistor comprise loW voltage 
transistors. 

4. The circuit according to claim 1 Wherein said ?rst 
NMOS transistor, said second NMOS transistor, said ?rst 
PMOS transistor, and said second PMOS transistor comprise 
high voltage transistors. 

5. The circuit according to claim 1 Wherein said third 
NMOS transistor and said fourth NMOS transistor comprise 
high voltage transistors. 

6. The circuit according to claim 1 Wherein said loW 
supply is betWeen about 0.5 Volts and 2.5 Volts. 

7. The circuit according to claim 1 Wherein said high 
supply is betWeen about 1 Volt and 30 Volts. 

8. A level shifting circuit comprising: 

a circuit input that sWings betWeen a loW supply and 
ground; 

a circuit output that sWings betWeen a high supply and 
said ground; 

an inverter With input connected to said circuit input and 
output forming inverted circuit input; 

a ?rst NMOS transistor With gate is connected to said 
circuit input and With source connected to said ground; 

a ?rst PMOS transistor With gate connected to said circuit 
output, With source connected to said high supply, and 
With drain connected to said ?rst NMOS transistor 
drain; 

a second NMOS transistor With gate connected to said 
inverted circuit input, With source connected to said 
ground, and With drain connected to said circuit output; 

a second PMOS transistor With gate connected to said ?rst 
NMOS transistor drain, With source connected to said 
high supply, and With drain connected to said circuit 
output; 

a transistion pulse circuit With output Wherein said output 
is ground at steady state and Wherein said output pulses 
to said loW supply for a short duration When said circuit 
input changes state; and 

a third NMOS transistor With gate connected to said 
output of said transition pulse circuit, With source 
connected to said circuit output, and With drain con 
nected to said ?rst NMOS transistor drain. 

9. The circuit according to claim 8 Wherein said inverter 
comprises an NMOS transistor and a PMOS transistor. 

10. The circuit according to claim 9 Wherein said NMOS 
transistor and said PMOS transistor comprise loW voltage 
transistors. 

11. The circuit according to claim 8 Wherein said ?rst 
NMOS transistor, said second NMOS transistor, said third 
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NMOS transistor, said ?rst PMOS transistor, and said sec 
ond PMOS transistor comprise high voltage transistors. 

12. The circuit according to claim 8 Wherein said transi 
tion pulse circuit comprises an exclusive NOR (XNOR) gate 
With a ?rst input and a second input and one output Wherein 
said ?rst input is connected to said circuit input and Wherein 
said second input is connected to said inverted circuit input. 

13. The circuit according to claim 8 Wherein said loW 
supply is betWeen about 0.5 Volts and 2.5 Volts. 

14. The circuit according to claim 8 Wherein said high 
supply is betWeen about 1 Volt and 30 Volts. 

15. A level shifting circuit comprising: 

a circuit input that sWings betWeen a loW supply and 
ground; 

a circuit output that sWings betWeen a high supply and 
said ground; 

an inverter With input connected to said circuit input and 
output forrning inverted circuit input; 

a ?rst NMOS transistor With gate is connected to said 
circuit input and With source connected to said ground; 

a ?rst PMOS transistor With gate connected to said circuit 
output, With source connected to said high supply, and 
With drain connected to said ?rst NMOS transistor 

drain; 
a second NMOS transistor With gate connected to said 

inverted circuit input, With source connected to said 
ground, and With drain connected to said circuit output; 
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a second PMOS transistor With gate connected to said ?rst 
NMOS transistor drain, With source connected to said 
high supply, and With drain connected to said circuit 
output; 

an exclusive NOR (XNOR) gate With ?rst input con 
nected to said circuit input, With said second input 
connected to said inverted circuit input, and With output 
that pulses to said loW supply for a short duration When 
said circuit input changes state; and 

a third NMOS transistor With gate connected to said 
exclusive NOR gate output, With source connected to 
said circuit output, and With drain connected to said 
circuit input. 

16. The circuit according to claim 15 Wherein said 
inverter comprises an NMOS transistor and a PMOS tran 
sistor. 

17. The circuit according to claim 15 Wherein said NMOS 
transistor and said PMOS transistor cornprise loW voltage 
transistors. 

18. The circuit according to claim 15 Wherein said ?rst 
NMOS transistor, said second NMOS transistor, said third 
NMOS transistor, said ?rst PMOS transistor, and said sec 
ond PMOS transistor cornprise high voltage transistors. 

19. The circuit according to claim 15 Wherein said loW 
supply is betWeen about 0.5 Volts and 2.5 Volts. 

20. The circuit according to claim 15 Wherein said high 
supply is betWeen about 1 Volt and 30 Volts. 

* * * * * 


