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the receive mode, in the transmit mode or during the transition
from receiving a 2xVDD input signal to transmitting a 0V
output signal, via two NMOS transistors and a dynamic gate-
controlled circuit, the mixed-voltage I/O buffer of the present
invention is free from the problems of gate-oxide reliability,
current leakage and hot-carrier degradation. Further, the
present invention incorporates a voltage slew-rate control
output circuit in the mixed-voltage 1/O buffer to realize a
mixed-voltage 1/O buffer with a voltage slew-rate control
function.

Those described above are the embodiments to clarify the
characteristics and technical thought of the present invention
to enable the persons skilled in the art to understand, make
and use the present invention. However, it is not intended to
limit the scope of the present invention. Any equivalent modi-
fication or variation according to the spirit of the present
invention is to be also included within the scope of the present
invention.

What is claimed is:

1. A mixed-voltage input/output buffer, comprising:

a first N-type transistor coupled to an input circuit;

a second N-type transistor coupled to said first N-type
transistor and an input/output pad;

a dynamic gate-controlled circuit externally connected to a
high-level voltage and coupled to said input/output pad,
a gate of said first N-type transistor and a gate of said
second N-type transistor;

an output circuit externally connected to a low-level volt-
age and coupled to said first N-type transistor and said
input circuit, wherein said output circuit is a voltage
slew-rate control output circuit; and

a pre-driver circuit coupled to said output circuit and said
dynamic gate-controlled circuit and controlling a volt-
age of said output circuit according to an output-enable
signal and input data.

2. The mixed-voltage input/output buffer according to
claim 1, wherein said dynamic gate-controlled circuit further
comprises:

a level shifter coupled to said pre-driver circuit and receiv-
ing a voltage signal sent out by said pre-driver circuit and
pulling up a level of said voltage signal;

a first inverter, wherein one end of said first inverter is
coupled to said level shifter, and an other end is coupled
to a second inverter and a gate of a third N-type transis-
tor; and

a gate-tracking circuit coupled to said second inverter, said
third N-type transistor, said gate of said first N-type
transistor, said gate of said second N-type transistor and
said input/output pad.

3. The mixed-voltage input/output buffer according to
claim 2, wherein said gate-tracking circuit further comprises
two first P-type transistors, which are coupled to each other.

4. The mixed-voltage input/output buffer according to
claim 1, wherein said output circuit further comprises a pull-
up P-type transistor and a pull-down N-type transistor.

5. The mixed-voltage input/output buffer according to
claim 1, wherein said voltage slew-rate control output circuit
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6

further comprises a plurality of parallel pull-up P-type tran-
sistors and a plurality of parallel pull-down N-type transis-
tors.

6. The mixed-voltage input/output buffer according to
claim 1, wherein when said output-enable signal is high, said
input/output buffer transmits an output signal from an output
end of said pre-driver circuit transmits to said input/output
pad.

7. The mixed-voltage input/output buffer according to
claim 1, wherein said input circuit further comprises:

a second P-type transistor coupled to said output circuit

and said first N-type transistor;

a third inverter coupled to said second P-type transistor,

said output circuit and said first N-type transistor; and

a fourth inverter coupled to said second P-type transistor

and said third inverter.

8. The mixed-voltage input/output buffer according to
claim 1, wherein when said output-enable signal is low, said
input/output buffer transmits said input signal from said
input/output pad to an input end of said input circuit, and said
pre-driver circuit turns off said output circuit, and said gate of
said first N-type transistor maintains biased at said low-level
voltage, and said gate of said second N-type transistor varies
with a voltage of said input/output pad.

9. The mixed-voltage input/output buffer according to
claim 8, wherein when said input signal received by said
input/output buffer is at OV voltage, said gate of said second
N-type transistor is biased at said low-level voltage to enable
said input/output pad to transmit a OV input signal to said
input circuit.

10. The mixed-voltage input/output buffer according to
claim 8, wherein when said input signal received by said
input/output buffer is at said high-level voltage, said gate of
said second N-type transistor is biased at double said low-
level voltage to enable said input/output pad to transmit an
input signal of said low-level voltage to said input circuit via
said first and second N-type transistors.

11. The mixed-voltage input/output buffer according to
claim 6, wherein when said output signal transmitted by the
output end of said pre-driver circuit is at said low-level volt-
age, said pre-driver circuit turns on a pull-up P-type transistor
of said output circuit and turns off a pull-down N-type tran-
sistor of said output circuit, and said gate of said first N-type
transistor and said gate of said second N-type transistor are
biased at double said low-level voltage to enable the output
end of said pre-driver circuit to transmit an output signal of
said low-level voltage to said input/output pad.

12. The mixed-voltage input/output buffer according to
claim 6, wherein when said output signal transmitted by the
output end of said pre-driver circuit is at 0V, said pre-driver
circuit turns off a pull-up P-type transistor of said output
circuit and turns on a pull-down N-type transistor of said
output circuit, and said gate of said first N-type transistor and
said gate of said second N-type transistor are biased at said
low-level voltage to enable the output end of said pre-driver
circuit to transmit a OV output signal to said input/output pad.

#* #* #* #* #*



