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(57) ABSTRACT 

An input buffer for use in an integrated circuit having a Vcc 
voltage supply and a VSS voltage supply. The input buffer 
includes a p-channel ?eld effect transistor (FET) having a 
source region coupled to the Vcc voltage supply, a drain 
region coupled to a bias circuit, and a gate electrode coupled 
to an input terminal. The bias circuit maintains a voltage at 
the drain region of the p-channel FET Which is slightly 
greater than the VSS supply voltage When a logic high 
voltage is applied to the input terminal. In an alternate 
embodiment, the input buffer includes an n-channel FET 
having a drain region coupled to the Vcc voltage supply, a 
source region coupled to the output terminal and a gate 
electrode coupled to the input terminal. The bias circuit 
maintains a voltage at the source of the n-channel FET 
Which is greater than the VSS supply voltage When a logic 
loW voltage is applied to the input terminal. 
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HIGH VOLTAGE TOLERABLE INPUT BUFFER 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
structure Which includes an input buffer circuit. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits (IC’s) include input pads Which 
receive external signals. Each input pad is typically con 
nected to a corresponding input buffer circuit. FIG. 1 is a 
schematic diagram illustrating a typical input buffer circuit 
100 Which includes pull-up PMOS transistor 101, pull-doWn 
NMOS transistor 102, input pad 103 and internal input node 
104. In response to the signal received on input pad 103, 
input buffer circuit 100 selectively connects internal input 
node 104 to a Vcc voltage supply rail (i.e., a voltage supply 
rail Which receives a ?rst voltage, Vcc, during normal 
operating conditions) or to a VSS voltage supply rail (i.e., a 
voltage supply rail Which receives a second voltage, typi 
cally ground, during normal operating conditions). 
[0003] Even if the Vcc supply voltage has a voltage of 3.3 
volts or less, it is desirable to alloW a high input voltage (e. g., 
5 volts) to be applied to input pad 103. HoWever, When a 
high input voltage is applied to input pad 103, NMOS 
pull-doWn transistor 102 turns on. As a result, the source and 
drain of NMOS transistor 102 are each held at the VSS 
supply voltage (e.g., 0 volts), and the high input voltage is 
applied across the gate oxide of NMOS transistor 102. The 
high input voltage across the gate oxide of transistor 102 
disadvantageously degrades the lifetime of the gate oxide of 
NMOS transistor 102. 

[0004] One method used to solve this problem is to 
fabricate the gate oxide of each transistor on the IC to a 
thickness Which is suf?cient to Withstand the applied high 
input voltage. HoWever, such a thick oxide is typically not 
compatible With high speed advanced technology. 

[0005] Another method is to form thick oxide transistors 
and thin oxide transistors on the same IC. Transistors 
required to receive high voltages are fabricated With a thick 
gate oxide. Conversely, transistors Which are not required to 
receive high voltages are given a thin gate oxide to improve 
the speed of these transistors. HoWever, this method disad 
vantageously increases process complexity. 

[0006] It Would therefore be desirable to have an input 
buffer circuit Which is capable of receiving a high input 
voltage Without experiencing degradation of gate oxide 
lifetime. It Would further be desirable if such input buffer 
circuit does not reduce the operating speed of other transis 
tors on the IC, or increase the complexity of the process used 
to fabricate the IC. 

SUMMARY 

[0007] Accordingly, the present invention provides struc 
tures and methods for minimizing the voltage across the gate 
oxide of transistors used in input buffer circuits. 

[0008] In one embodiment, the input buffer circuit 
includes a p-channel ?eld effect transistor (FET) and a bias 
circuit. The p-channel FET has a source region coupled to 
the Vcc voltage supply, a drain region coupled to the bias 
circuit, and a gate electrode coupled to receive the input 
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voltage VIN. The bias circuit controls the voltage at the drain 
of the p-channel FET and provides an output signal Which 
effectively transmits the input voltage signal VIN to the 
on-chip integrated circuitry. 

[0009] When a high input voltage VIN is applied to the 
gate electrode of the p-channel FET, the bias circuit main 
tains the voltage at the drain region of the p-channel FET at 
a level Which is slightly greater than the VSS supply voltage. 
As a result, the voltage across the gate oxide at the drain of 
the p-channel FET is reduced. The output signal provided by 
the bias circuit has a logic loW level Which is slightly greater 
than the VSS supply voltage. In one variation, the p-channel 
FET and the bias circuit form a current mirror circuit. 

[0010] In another embodiment, the input buffer circuit 
includes an n-channel FET and a bias circuit. The n-channel 
transistor has a gate electrode coupled to receive the input 
voltage VIN, a drain region coupled to the Vcc voltage 
supply, and a source region coupled to the bias circuit and 
to the output terminal of the input buffer circuit. When a 
logic high voltage is applied to the input terminal, the 
n-channel transistor turns on, thereby providing an output 
voltage Which is approximately equal to the Vcc supply 
voltage. When a logic loW voltage is applied to the input 
terminal, the bias circuit maintains a loW output voltage 
Which is approximately equal to the VSS supply voltage. 
Consequently, the gate oxide of the n-channel transistor is 
not exposed to high voltages. The bias circuit can be, for 
example, a current source. In a particular embodiment, the 
n-channel FET and the bias circuit form a current mirror 
circuit. 

[0011] The invention also includes a method of using a 
p-channel FET in an input buffer circuit. This method 
includes the steps of: (1) turning the p-channel transistor on 
in response to a logic loW input voltage, (2) turning the 
p-channel transistor off in response to a logic high input 
voltage, and (3) biasing the drain region of the p-channel 
transistor at a bias voltage When a logic high input voltage 
is applied to the gate electrode of the p-channel transistor, 
the bias voltage being greater than the VSS supply voltage 
and less than the Vcc supply voltage. 

[0012] A method of using an n-channel FET in an input 
buffer circuit includes the steps of: (1) turning the n-channel 
transistor on in response to a logic high input voltage, (2) 
turning the n-channel transistor off in response to a logic loW 
input voltage, and (3) biasing the source region of the 
n-channel transistor at a bias voltage When a logic loW input 
voltage is applied to the gate electrode of said n-channel 
FET, the bias voltage being approximately equal to the VSS 
supply voltage. 

[0013] The present invention Will be more fully under 
stood in vieW of the folloWing detailed description taken 
together With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic diagram of a conventional 
input buffer; 

[0015] FIGS. 2-4 are schematic diagrams of input buffer 
circuits Which include a p-channel ?eld effect transistor and 
a bias circuit in accordance With variations of one embodi 
ment of the invention; and 
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[0016] FIGS. 5-10 are schematic diagrams of input buffer 
circuits Which include an n-channel ?eld effect transistor and 
a bias circuit in accordance With variations of another 
embodiment of the invention. 

DETAILED DESCRIPTION 

[0017] FIG. 2 is a schematic diagram of an input buffer 
circuit 200 in accordance With one embodiment of the 
invention. Input buffer circuit 200 includes p-channel ?eld 
effect transistor (FET) 201 and bias circuit 202. Bias circuit 
202 includes n-channel FETs 203-204 and p-channel FET 
205. P-channel FET 201 has a source connected to Vcc 
voltage supply rail 206, a drain connected to node 213, and 
a gate electrode coupled to input pad 211. Input pad 211 is 
connected to receive an external voltage VIN Which controls 
input buffer circuit 200. 

[0018] Transistors 203-205 of bias circuit 200 are con 
nected as folloWs. The sources of transistors 203 and 204 are 
connected to the VSS voltage supply rail 207. The gate 
electrodes of transistors 203 and 204 are connected to 
common node 213. The drain of transistor 203 is also 
connected to node 213. The drain of transistor 204 is 
connected to output node 212. P-channel FET 205 has a 
source connected to the Vcc voltage supply rail 206, a drain 
connected to output node 212 and a gate electrode coupled 
to receive a constant bias voltage, VBIAS. In the described 
embodiment, the Vcc supply voltage is approximately 3.3 
volts and the VSS supply voltage is approximately 0 volts. 
These supply voltages can have other values in other 
embodiments. Output node 212 is coupled to integrated 
circuitry Which receives the input signal applied to input pad 
211. 

[0019] Input buffer circuit 200 operates as folloWs. The 
bias voltage VBIAS applied to the gate of p-channel FET 205 
is selected to alloW a constant current to How through 
transistor 205. Bias voltage VBIAS is selected to be greater 
than a de?ned logic loW voltage level at input pad 211 and 
less than a de?ned logic high voltage level at input pad 211. 
In one embodiment, VBIAS is selected to be 1.5 volts. In this 
embodiment, an input voltage VIN applied to pad 211 Which 
is less than 1.5 volts Will be detected as a logic loW value, 
and an input voltage VIN applied to pad 211 Which is greater 
than 1.5 volts Will be detected as a logic high value. 

[0020] Transistors 201, 203, 204 and 205 form a current 
mirror circuit. That is, the current through transistor 201 and 
diode-connected transistor 203 are the same since these 
elements are connected in series betWeen Vcc voltage sup 
ply rail 206 and VSS voltage supply rail 207. Because the 
gates of transistors 203 and 204 are biased from a common 
node 213, and the sources of transistors 203 and 204 are 
connected to common VSS voltage supply rail 207, transis 
tors 203 and 204 have the same gate-source voltage. Con 
sequently, transistors 203 and 204 carry the same current. 
Therefore, the current through transistor 201 is equal to the 
current through transistor 204. The amount of current ?oW 
ing through transistor 204 determines the state of the output 
signal VOUT provided at output terminal 212. 

[0021] When VIN is at a logic loW level (e.g., 0 volts), 
transistor 201 is turned on. As a result, a relatively large 
current ?oWs through transistor 201. This same current ?oWs 
through transistors 203 and 204. Thus, transistor 204 sinks 
a large amount of the constant current ?oWing through 
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transistor 205. As a result, the output voltage VOUT drops to 
a logic loW level. Note that in this embodiment, the logic loW 
level of VOUT is equal to the VSS supply voltage. The voltage 
VD at node 213 is held at a level Which is approximately 
equal to (Vcc - VSS)/2 (or VCC/Z). As a result, the voltage 
applied across the gate oxide of transistor 201 at the drain of 
transistor 201 is VIN minus VCC/Z volts. The voltage applied 
across the gate oxide of transistor 201 at the source of 
transistor 201 is equal to VIN minus the Vcc supply voltage. 
Thus, the voltage applied across the gate oxide of transistor 
201 is at a level Which Will not degrade the gate oxide of 
transistor 201. 

[0022] As VIN increases, the current ?oWing through 
p-channel transistor 201 decreases. As a result, the currents 
?oWing through transistors 203 and 204 similarly decrease. 
As the current through transistor 204 decreases, the voltage 
VOUT increases because transistor 205 is sourcing more 
current to output node 212. The output voltage VOUT reaches 
a voltage level Which Will be interpreted to be a logic high 
level When the input voltage VIN exceeds the bias voltage 
VBIAS. The voltage out VOUT signal is provided to other 
integrated circuitry (not shoWn) Which is capable of distin 
guishing logic high and logic loW levels from the level of the 
received voltage out VOUT signal. 

[0023] When input voltage VIN is high (e.g., 5 volts), the 
voltage VD at node 213 is equal to the VSS supply voltage 
plus the threshold voltage of transistor 204, Which is 
approximately 0.6 to 1.0 volts. The voltage across the gate 
oxide of transistor 201 at the drain of transistor 201 is equal 
to the input voltage VIN minus the voltage VD at node 213. 
Because the voltage VD at node 213 is held at a level greater 
than the VSS supply voltage, the voltage across the gate 
oxide of transistor 201 is advantageously reduced to a level 
Which Will not degrade the gate oxide of transistor 201. 

[0024] FIG. 3 is a schematic diagram of an input buffer 
circuit 300 in accordance With another embodiment of the 
invention. Because input buffer circuit 300 is substantially 
similar to input buffer circuit 200, similar elements in FIGS. 
2 and 3 are labeled With similar reference numbers. Input 
buffer circuit 300 includes a bias circuit 302 Which includes 
the same elements as bias circuit 202. In addition, bias 
circuit 302 includes a constant current source 301 connected 
in series betWeen Vcc voltage supply rail 206 and node 213. 
Current source 301 provides a small amount of current (e. g., 
0.01 mA) to diode-connected transistor 203, thereby main 
taining a voltage drop across transistor 203 in the desired 
range of 0.6 to 1.0 volts When the input voltage VIN is high. 
Input buffer circuit 302 otherWise operates in a manner 
similar to input buffer circuit 202. 

[0025] Current source 301 can be formed using any num 
ber of knoWn current sourcing circuits. For example, current 
source 301 can be a high value resistor (e.g., 100 kQ) or a 
plurality (e.g., three or four) of series connected diodes. 

[0026] FIG. 4 is a schematic diagram illustrating an input 
buffer circuit 400 in accordance With another embodiment of 
the invention. Similar elements in FIGS. 2 and 4 are labeled 
With similar reference characters. Input buffer circuit 400 
includes a bias circuit 402 Which is made up of n-channel 
FETs 411 and 412 and diode 413. Transistor 411 has a drain 
connected to common node 213 through diode 413, a source 
connected to VSS voltage supply rail 207 and a gate elec 
trode connected to the source of transistor 412. Transistor 
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412 has a drain connected to Vcc voltage supply rail 206 and 
a gate electrode connected to input pad 211. 

[0027] When the input voltage VIN is at a logic loW level, 
p-channel transistor 201 turns on, thereby providing an 
output voltage VOUT approximately equal to the Vcc supply 
voltage minus the voltage drop across diode 413. 

[0028] When the input voltage VIN is at a logic high level, 
p-channel transistor 201 turns off and n-channel transistor 
412 turns on. As a result, a logic high voltage is applied to 
the gate of n-channel transistor 411, thereby turning on 
transistor 411. When transistor 411 is turned on, the output 
voltage VOUT is approximately equal to the VSS supply 
voltage. The voltage VD at the drain of transistor 201 is 
approximately equal to the VSS supply voltage plus the 
voltage drop across diode 413 (e.g., 0.6 to 1.0 volts). 
Because the voltage at the drain of transistor 201 is higher 
than the VSS supply voltage When the input voltage VIN is at 
a logic high level, the voltage across the gate oxide at the 
drain of p-channel transistor 201 is advantageously held to 
a level Which is less than the applied input voltage VIN. 

[0029] In another embodiment of the invention, an n-chan 
nel FET is connected in a source folloWer con?guration to 
form a high voltage tolerant input buffer circuit. In such an 
embodiment, the n-channel FET has a drain connected to the 
Vcc voltage supply rail, a gate electrode connected to the 
input pad and a source coupled to the output node. FIGS. 
5-10 illustrate input buffer circuits Which use an n-channel 
FET connected in a source folloWer con?guration. 

[0030] FIG. 5 illustrates an input buffer circuit 500 Which 
includes n-channel FET 501 and bias circuit 502. Transistor 
501, Which is connected in a source folloWer con?guration, 
has a drain coupled to Vcc voltage supply rail 206, a gate 
electrode coupled to input pad 211, and a source coupled to 
output node 212 through common node 513. Bias circuit 502 
includes a current source 520, Which is connected in series 
betWeen common node 513 and VSS voltage supply rail 207. 

[0031] When the input voltage VIN is at a logic high level, 
transistor 501 is turned on. As a result, the voltage at output 
node 212 is pulled up to a voltage betWeen Vcc supply 
voltage and the VSS supply voltage (e.g., 2 volts). This 
voltage is interpreted as a logic high voltage by a subsequent 
stage (not shoWn). Thus, When the input voltage VIN has a 
high level, the voltage across the gate oxide at the source of 
transistor 501 is maintained at a level (i.e., VIN - VOUT) 
Which does not signi?cantly degrade the lifetime of the gate 
oxide of transistor 501. 

[0032] When the input voltage VIN is at a logic loW level, 
transistor 501 is turned off. Under these conditions, bias 
circuit 502 provides a voltage to output node 212 Which Will 
be interpreted as a logic loW voltage by a subsequent stage 
(not shoWn). Current source 520 introduces a voltage drop 
VDROP betWeen common node 513 and VSS voltage supply 
rail 207. As a result, the voltage VS at common node 513 is 
equal to the VSS supply voltage plus the voltage drop VDROP 
introduced by current source 520. In a particular embodi 
ment, current source 520 is designed such that voltage drop 
VDROP is approximately equal to 0 to 1 volt. 

[0033] FIGS. 6-10 illustrate various input buffer circuits 
Which include n-channel FET 501 connected in a source 
folloWer con?guration. Because the input buffer circuits of 
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FIGS. 6-10 are similar to input buffer circuit 500 (FIG. 5), 
similar elements are labeled With similar reference numbers. 

[0034] FIG. 6 illustrates an input buffer circuit 600 Which 
includes n-channel FET 501 and bias circuit 602. Bias 
circuit 602 includes a current source formed from a diode 
connected n-channel transistor 601. Input buffer circuit 600 
operates in a manner similar to input buffer circuit 500. 
When the input voltage VIN has a logic loW value, the output 
voltage VOUT has a voltage Which is equal to the VSS supply 
voltage plus the threshold voltage of diode connected tran 
sistor 601 (i.e., approximately 0.6 to 1.0 volts). Thus, in this 
embodiment, bias circuit 602 introduces a voltage drop 
VDROP equal to the threshold voltage of transistor 601. 

[0035] FIG. 7 illustrates an input buffer circuit 700 Which 
includes n-channel FET 501 and bias circuit 702. Bias 
circuit 702 includes a current source formed using a high 
value resistor 701. In a particular embodiment, resistor 701 
has a value on the order of a feW hundred ohms. Input buffer 
circuit 700 operates in a manner similar to input buffer 
circuit 500 (FIG. 5). When the input voltage VIN has a logic 
loW value, the output voltage VOUT has a voltage Which is 
equal to the VSS supply voltage. 
[0036] FIG. 8 illustrates an input buffer circuit 800 Which 
includes n-channel FET 501 and bias circuit 802. Transistor 
501 and bias circuit 802 form a current mirror circuit Which 
operates in a manner similar to the current mirror circuit 
previously described in connection With FIG. 2. Thus, the 
current through transistor 811 is equal to the current through 
diode-connected transistor 812, Which is equal to the current 
through transistor 813. Abias voltage VBIAS is applied to the 
gate electrode of transistor 811. This bias voltage VBIAS is 
set at a voltage level Which is less than the voltage Which is 
de?ned as a logic high input voltage VIN and greater than the 
voltage Which is de?ned as a logic loW input voltage VIN. 
For example, if a logic high voltage is de?ned as a voltage 
greater than 2.2 volts, and a logic loW voltage is de?ned as 
a voltage less than 0.8 volts, the bias voltage VBIAS may be 
set at 1.5 volts. In this example, a logic high input voltage 
VIN Will cause the current through transistor 501 to exceed 
the current through transistor 813, thereby pulling the output 
voltage VOUT at node 212 up to a logic high level. Con 
versely, a logic loW input voltage VIN Will cause the current 
through transistor 813 to exceed the current through tran 
sistor 501, thereby pulling the output voltage VOUT doWn to 
a logic loW level. In this case, the logic high level of output 
voltage VOUT is de?ned by a voltage Which is approximately 
equal to the Vcc supply voltage, While the logic loW level of 
output voltage VOUT is de?ned a voltage Which is approxi 
mately equal to the VSS supply voltage. The circuitry 
coupled to the output node 212 (not shoWn) is designed to 
differentiate betWeen these logic high and logic loW levels of 
the output voltage VOUT. 
[0037] FIG. 9 illustrates an input buffer circuit 900 Which 
includes n-channel FET 501 and bias circuit 902. Bias 
circuit 902 includes p-channel transistor 911 and n-channel 
transistor 912. Transistor 911 has a source connected to Vcc 
voltage supply rail 206, a gate electrode connected to input 
pad 211 and a drain connected to the gate electrode of 
transistor 912. Transistor 912 has a drain connected to 
common node 513 and a source connected to VSS voltage 
supply rail 207. 

[0038] When the input voltage VIN has a logic high value, 
transistor 501 turns on, thereby providing an output voltage 
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VOUT equal to the Vcc supply voltage minus the threshold 
voltage VT of transistor 501. When the input voltage VIN has 
a logic loW value, p-channel transistor 911 is turned on, 
thereby coupling the gate electrode of n-channel transistor 
912 to Vcc voltage supply rail 206. As a result, transistor 
912 is turned on, thereby pulling doWn the output voltage 
V to the VSS supply voltage. 

OUT 

[0039] FIG. 10 illustrates an input buffer circuit 1000 
Which includes n-channel FET 501 and bias circuit 1002. 
Bias circuit 1002 includes n-channel transistors 1011 and 
1013, p-channel transistor 1012 and inverter 1014. Transis 
tor 1011 has a drain connected to Vcc voltage supply rail 
206, a gate electrode connected to input pad 211 and a drain 
connected to the gate electrode of transistor 1012. Transistor 
1012 has a source connected to common node 513 and a 

drain connected to VSS voltage supply rail 207. Transistor 
1013 has a drain connected to the gate electrode of transistor 
1012, a source connected to VSS voltage supply rail 207 and 
a gate electrode connected to the output of inverter 1014. 
The input of inverter 1014 is coupled to input terminal 211. 

[0040] When the input voltage VIN has a logic high value, 
transistor 501 turns on, thereby providing an output voltage 
VOUT equal to the Vcc supply voltage minus the threshold 
voltage VT of transistor 501. Under these conditions, tran 
sistor 1011 turns on and transistor 1013 turns off, thereby 
connecting the gate electrode of transistor 1012 to Vcc 
voltage supply rail 206. Consequently, transistor 1012 is 
turned off, preventing leakage current from ?oWing betWeen 
common node 513 and Vss voltage supply rail 207. 

[0041] When the input voltage VIN has a logic loW value, 
n-channel transistor 1011 is turned off and transistor 1013 is 
turned on, thereby applying a voltage to the gate electrode 
of p-channel transistor 1012 Which is approximately equal to 
the VSS supply voltage. As a result, transistor 1012 is turned 
on and the output voltage VOUT is held at a voltage Which is 
equal to the VSS supply voltage. In an alternative embodi 
ment, n-channel transistor 1013 and inverter 1014 can be 
replaced by an equivalent circuit, such as a resistor Which is 
connected betWeen the gate electrode of p-channel transistor 
1012 and the VSS voltage supply rail 207. 

[0042] Although the invention has been described in con 
nection With several embodiments, it is understood that this 
invention is not limited to the embodiments disclosed, but is 
capable of various modi?cations Which Would be apparent to 
one of ordinary skill in the art. For eXample, other bias 
circuits can be designed to perform the described function of 
controlling the logic loW voltage level of the output node of 
an input buffer circuit. Thus, the invention is limited only by 
the folloWing claims. 

What is claimed is: 
1. An input buffer circuit for an integrated circuit having 

a ?rst voltage supply for providing a ?rst supply voltage and 
a second voltage supply for providing a second supply 
voltage, the ?rst supply voltage being greater than the 
second supply voltage, the input buffer circuit comprising: 

an input terminal; 

an output terminal; 

a ?rst p-channel ?eld effect transistor having a 
source region coupled to the ?rst voltage supply, a drain 
region, and a gate electrode coupled to the input 
terminal; 

Jun. 7, 2001 

a bias circuit coupled to the drain region of the ?rst 
p-channel PET and the output terminal, the bias circuit 
maintaining a voltage at the drain region of the ?rst 
p-channel FET Which is greater than the second supply 
voltage When a logic high voltage is applied to the input 
terminal. 

2. The input buffer circuit of claim 1, Wherein the ?rst 
p-channel PET and the bias circuit form a current mirror 
circuit. 

3. The input buffer circuit of claim 2, Wherein the current 
mirror circuit further comprises: 

a ?rst n-channel transistor having a drain region and a gate 
electrode connected to the drain region of the ?rst 
p-channel transistor and a source region connected to 
the second voltage supply; 

a second n-channel transistor having a gate electrode 
connected to the drain region of the ?rst p-channel 
transistor, a source region connected to the second 
voltage supply and a drain region connected to the 
output terminal; and 

a second p-channel transistor having a drain region con 
nected to the output terminal, a source region con 
nected to the ?rst voltage supply, and a gate electrode 
coupled to receive a bias voltage Which is less than the 
?rst supply voltage and greater than the second supply 
voltage. 

4. The input buffer circuit of claim 3, further comprising 
a current source coupled betWeen the ?rst voltage supply 
and the drain region of the ?rst p-channel transistor. 

5. The input buffer circuit of claim 4, Wherein the current 
source comprises a plurality of series connected diodes. 

6. The input buffer circuit of claim 4, Wherein the current 
source comprises a resistor. 

7. The input buffer circuit of claim 1, Wherein the bias 
circuit comprises: 

a ?rst n-channel FET having a drain region connected to 
the drain region of the ?rst p-channel FET, a source 
region connected to the second voltage supply, and a 
gate electrode; and 

a second n-channel FET having a source region connected 
to the gate electrode of the ?rst n-channel FET, a drain 
region connected to the ?rst voltage supply, and a gate 
electrode coupled to the input terminal. 

8. An input buffer circuit for an integrated circuit having 
a ?rst voltage supply for providing a ?rst supply voltage and 
a second voltage supply for providing a second supply 
voltage, the ?rst supply voltage being greater than the 
second supply voltage, the input buffer circuit comprising: 

an input terminal; 

an output terminal; 

a ?rst n-channel ?eld effect transistor (FET) having a 
drain region coupled to the ?rst voltage supply, a source 
region coupled to the output terminal, and a gate 
electrode coupled to the input terminal; 

a bias circuit coupled to the source of the ?rst n-channel 
FET, the bias circuit maintaining a voltage at the source 
of the ?rst n-channel FET Which approximately equal 
to second supply voltage When a logic loW voltage is 
applied to the input terminal. 
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9. The input buffer circuit of claim 8, wherein the bias 
circuit comprises a current source coupled betWeen the 
source of the ?rst n-channel PET and the second voltage 
supply. 

10. The input buffer circuit of claim 9, Wherein the current 
source comprises a diode. 

11. The input buffer circuit of claim 9, Wherein the current 
source comprises a resistor. 

12. The input buffer circuit of claim 9, Wherein the ?rst 
n-channel PET and the current source form a current mirror 
circuit. 

13. The input buffer circuit of claim 12, Wherein the 
current mirror circuit further comprises: 

a second n-channel FET having a drain region coupled to 
the drain region of the ?rst n-channel transistor, a 
source region connected to the second voltage supply, 
and a gate electrode; 

a third n-channel FET having a source region connected 
to the second voltage supply, a drain region, and a gate 
electrode coupled to the gate electrode of the second 
n-channel PET and to the drain region of the third 
n-channel PET; and 

a fourth n-channel FET having a source region connected 
to the drain region of the third n-channel FET, a drain 
region coupled to the ?rst voltage supply and a gate 
electrode coupled to receive a bias voltage Which is less 
than the ?rst supply voltage and greater than the second 
supply voltage. 

14. The input buffer circuit of claim 9, Wherein the current 
source comprises: 

a second n-channel FET having a drain region connected 
to the source region of the ?rst n-channel FET, a source 
region connected to the second voltage supply and a 
gate electrode; and 

a p-channel FET having a drain region connected to the 
gate electrode of the second n-channel FET, a source 
region connected to the ?rst voltage supply, and a gate 
electrode coupled to the input terminal. 

15. The input buffer circuit of claim 9, Wherein the current 
source comprises: 

a p-channel FET having a source region connected to the 
source region of the ?rst n-channel FET, a drain region 
connected to the second voltage supply and a gate 
electrode; and 
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a second n-channel FET having a source region connected 
to the gate electrode of the p-channel FET, a drain 
region connected to the ?rst voltage supply, and a gate 
electrode coupled to the input terminal. 

16. A method of using a p-channel ?eld effect transistor 
(PET) in an input buffer circuit of an integrated circuit 
having a ?rst voltage supply for providing a ?rst supply 
voltage and a second voltage supply for providing a second 
supply voltage, the ?rst supply voltage being greater than the 
second supply voltage, Wherein the p-channel FET has a 
source region coupled to the ?rst supply voltage, a gate 
electrode coupled to receive an input voltage, and a drain 
region coupled to an output terminal, the method comprising 
the steps of: 

turning on said p-channel PET in response to a logic loW 
input voltage; 

turning off said p-channel PET in response to a logic high 
input voltage; and 

biasing the drain region of said p-channel FET at a bias 
voltage When a logic high input voltage is applied to the 
gate electrode of said p-channel FET, the bias voltage 
being greater than the second supply voltage and less 
than the ?rst supply voltage. 

17. A method of using an n-channel ?eld effect transistor 
(PET) in an input buffer circuit of an integrated circuit 
having a ?rst voltage supply for providing a ?rst supply 
voltage and a second voltage supply for providing a second 
supply voltage, the ?rst supply voltage being greater than the 
second supply voltage, Wherein the n-channel FET has a 
drain region coupled to the ?rst supply voltage, a gate 
electrode coupled to receive an input voltage, and a source 
region coupled to an output terminal, the method comprising 
the steps of: 

turning on said n-channel PET in response to a logic high 
input voltage; 

turning off said n-channel PET in response to a logic loW 
input voltage; and 

biasing the source region of said n-channel FET at a bias 
voltage When a logic loW input voltage is applied to the 
gate electrode of said n-channel FET, the bias voltage 
being approximately equal to the second supply volt 
age. 


