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(57) ABSTRACT

An output buffer with process and temperature compensation
comprises an enable terminal, a clock generator, a PMOS
threshold voltage detector, an NMOS threshold voltage
detector, a first comparator, a second comparator, a first com-
pensation code generator, a second compensation code gen-
erator and an output buffer stage, wherein the output buffer
stage has an output stage, the output buffer stage means for
controlling a drive current generated by the output stage,
wherein the output stage has a first voltage output terminal,
and the modulated drive current is capable of compensating
slew rate of the first voltage output terminal.
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1
OUTPUT BUFFER WITH PROCESS AND
TEMPERATURE COMPENSATION

FIELD OF THE INVENTION

The present invention is generally relating to an output
buffer, more particularly to an output buffer with process and
temperature compensation.

BACKGROUND OF THE INVENTION

A conventional output buffer with process and temperature
compensation, with reference to U.S. Pat. No. 6,538,464 and
FIG. 12, the output buffer 50 comprises a temperature detec-
tor 51, a voltage detector 52, a compensation circuit 53, a
drive circuit 54 and a pre-driver circuit 55. The temperature
detector 51 means for detecting temperature from the output
buffer 50, the voltage detector 52 means for detecting supply
voltage from the output buffer 50, the compensation circuit 53
is capable of generating an impedance control signal to con-
trol an impedance compensation circuit 541 of the drive cir-
cuit 54. The impedance compensation circuit 541 means for
modulating temperature and supply voltage of the output
buffer 50. The pre-driver circuit 55 means for controlling slew
rate of the drive circuit 54 in response to temperature and
supply voltage of the output buffer 50. However, the conven-
tional output buffer 50 merely obtains slew rate information
from effects in response to temperature and supply voltage
and unable to obtain slew rate information from effects of
PMOS transistors and NMOS transistors under various tem-
perature and process conditions.

SUMMARY

A primary object of the present invention is to provide an
output buffer with process and temperature compensation
comprises an enable terminal, a clock generator, a PMOS
threshold voltage detector, an NMOS threshold voltage
detector, a first comparator, a second comparator, a first com-
pensation code generator, a second compensation code gen-
erator and an output buffer stage, the enable terminal is
applied to provide an enable signal, the clock generator is
electrically connected to the enable terminal and applied to
receive the enable signal to provide at least one clock signal,
the PMOS threshold voltage detector is electrically con-
nected to the clock generator and applied to receive the clock
signal to provide a first analog signal, the NMOS threshold
voltage detector is electrically connected to the clock genera-
tor and applied to receive the clock signal to provide a second
analog signal, the first comparator is electrically connected to
the PMOS threshold voltage detector and applied to receive
the first analog signal to provide a first trigger signal, the
second comparator is electrically connected to the NMOS
threshold voltage detector and applied to receive the second
analog signal to provide a second trigger signal, the first
compensation code generator is electrically connected to the
first comparator and the clock generator and applied to
receive the clock signal and the first trigger signal to provide
a first compensation code, the second compensation code
generator is electrically connected to the second comparator
and the clock generator and applied to receive the clock signal
and the second trigger signal to provide a second compensa-
tion code, the output buffer stage is electrically connected to
the first compensation code generator and the second com-
pensation code generator, the output buffer stage has an out-
put stage, the output buffer stage is applied to receive the first
compensation code and the second compensation code to
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2

control a drive current generated by the output stage, wherein
the output stage has a first voltage output terminal, and the
modulated drive current is capable of compensating slew rate
of the first voltage output terminal. This invention is able to
detect variance of threshold voltage of PMOS transistors and
NMOS transistors in various process and temperature condi-
tions via the PMOS threshold voltage detector and the NMOS
threshold voltage detector. Besides, the output buffer stage
modulates the drive current therefore effectively compensat-
ing slew rate of the first voltage output terminal.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an output buffer with
process and temperature compensation in accordance with an
embodiment of the present invention.

FIG. 2 is a circuit of clock generator illustrating the output
buffer with process and temperature compensation in accor-
dance with the embodiment of the present invention.

FIG. 3 is a circuit of PMOS threshold voltage detector
illustrating the output buffer with process and temperature
compensation in accordance with the embodiment of the
present invention.

FIG. 4 is a circuit of NMOS threshold voltage detector
illustrating the output buffer with process and temperature
compensation in accordance with the embodiment of the
present invention.

FIG. 5 is a circuit of first comparator illustrating the output
buffer with process and temperature compensation in accor-
dance with the embodiment of the present invention.

FIG. 6 is a circuit of second comparator illustrating the
output buffer with process and temperature compensation in
accordance with the embodiment of the present invention.

FIG. 7 is a circuit of first compensation code generator
illustrating the output buffer with process and temperature
compensation in accordance with the embodiment of the
present invention.

FIG. 8 is a circuit of second compensation code generator
illustrating the output buffer with process and temperature
compensation in accordance with the embodiment of the
present invention.

FIG. 9 is a circuit of output buffer stage illustrating the
output buffer with process and temperature compensation in
accordance with the embodiment of the present invention.

FIG. 10 is a circuit of external voltage detector of output
buffer stage illustrating the output buffer with process and
temperature compensation in accordance with the embodi-
ment of the present invention.

FIG. 11 is a circuit of voltage level converter of output
buffer stage illustrating the output buffer with process and
temperature compensation in accordance with the embodi-
ment of the present invention.

FIG. 12 is a block diagram of conventional output buffer
with process and temperature compensation.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, an output buffer with process and
temperature compensation 1 in accordance with an embodi-
ment of this invention at least comprises an enable terminal
10, a clock generator 11, a PMOS threshold voltage detector
12, an NMOS threshold voltage detector 13, a first compara-
tor 14, a second comparator 15, a first compensation code
generator 16, a second compensation code generator 17 and
an output buffer stage 19, the enable terminal 10 is applied to
send an enable signal, the clock generator 11 is electrically
connected to the enable terminal 10 and applied to receive an
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enable signal to provide at least one clock signal, the PMOS
threshold voltage detector 12 is electrically connected to the
clock generator 11 and applied to receive the clock signal to
provide a first analog signal, the NMOS threshold voltage
detector 13 is electrically connected to the clock generator 11
and applied to receive the clock signal to provide a second
analog signal, the first comparator 14 is electrically connected
to the PMOS threshold voltage detector 12 and applied to
receive the first analog signal to provide a first trigger signal,
the second comparator 15 is electrically connected to the
NMOS threshold voltage detector 13 and applied to receive
the second analog signal to provide a second trigger signal,
the first compensation code generator 16 is electrically con-
nected to the first comparator 14 and the clock generator 11
and applied to receive the clock signal and the first trigger
signal to provide a first compensation code, the second com-
pensation code generator 17 is electrically connected to the
second comparator 15 and the clock generator 11 and applied
to receive the clock signal and the second trigger signal to
provide a second compensation code, with reference to FIG.
1 and FIG. 9, the output buffer stage 19 is electrically con-
nected to the first compensation code generator 16 and the
second compensation code generator 17, the output buffer
stage 19 has an output stage 194, the output buffer stage 19 is
applied to receive the first compensation code and the second
compensation code to control a drive current generated by the
output stage 194, wherein the output stage 194 has a first
voltage output terminal 195, and the modulated drive current
is capable of compensating slew rate of the first voltage output
terminal 195. In this embodiment, the output buffer with
process and temperature compensation 1 further comprises a
core circuit 18 that is electrically connected to the output
buffer stage 19 and applied to transfer a signal.

Referring to FIG. 3, in this embodiment, the PMOS thresh-
old voltage detector 12 at least comprises a first clock termi-
nal 121, a first CMOS inverter 122, a first capacitor 123, a
PMOS threshold voltage function generator 124 and a second
voltage output terminal 125, wherein the first clock terminal
121 means for receiving the clock signal from the clock
generator 11, the first CMOS inverter 122 is electrically con-
nected to the first clock terminal 121, the first capacitor 123 is
electrically connected to the first CMOS inverter 122, in this
embodiment, the first CMOS inverter 122 is composed of a
first PMOS transistor 1221 and a first NMOS transistor 1224,
the first PMOS transistor 1221 and the first NMOS transistor
1224 have a gate terminal 12221225 and a drain terminal
1223,1226 respectively, each of the gate terminals 1222,1225
is electrically connected to the first clock terminal 121, each
of the drain terminals 1223,1226 is electrically connected to
the first capacitor 123, the PMOS threshold voltage function
generator 124 is electrically connected to the first capacitor
123 and applied to generate a formula of voltage signal as a
function of threshold voltage, the second voltage output ter-
minal 125 is electrically connected to the PMOS threshold
voltage function generator 124. With reference to FIG. 3, the
PMOS threshold voltage detector 12 further comprises a sec-
ond clock signal 126, the PMOS threshold voltage function
generator 124 is composed of a third PMOS transistor 1241,
a fourth PMOS transistor 1242, a fifth PMOS transistor 1243,
a sixth PMOS transistor 1244, a seventh PMOS transistor
1245 and a third NMOS transistor 1246, wherein the fourth
PMOS transistor 1242, the fifth PMOS transistor 1243 and
the sixth PMOS transistor 1244 are electrically connected to
the third PMOS transistor 1241, the fifth PMOS transistor
1243 is electrically connected to the sixth PMOS transistor
1244, the seventh PMOS transistor 1245 is electrically con-
nected to the fourth PMOS transistor 1242, the third NMOS
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4

transistor 1246 is electrically connected to the fourth PMOS
transistor 1242 and the fifth PMOS transistor 1243, the sec-
ond clock terminal 126 is electrically connected to the fourth
PMOS transistor 1242 and the third NMOS transistor 1246.
In this embodiment, the fourth PMOS transistor 1242 has a
gate terminal 12424, the third NMOS transistor 1246 has a
gate terminal 12464, the second clock terminal 126 is elec-
trically connected to the gate terminal 1242q of the fourth
PMOS transistor 1242 and the gate terminal 1246a of the
third NMOS transistor 1246, besides, the PMOS threshold
voltage function generator 124 further comprises a first reset
terminal 127 that is electrically connected to the third PMOS
transistor 1241 and the sixth PMOS 1244. In this embodi-
ment, the PMOS threshold voltage detector 12 further com-
prises an eighth PMOS transistor 128 and a second capacitor
129, the eighth PMOS transistor 128 is electrically connected
to the first CMOS inverter 122, the second capacitor 129 is
electrically connected to the PMOS threshold voltage func-
tion generator 124 and the second voltage output terminal 125
and applied to ease the voltage drop effect of the second
voltage output terminal 125 caused from parasitic capacitor
of the fifth PMOS transistor 1243 while the fifth PMOS
transistor 1243 is in conduction.

Referring to FIG. 4, in this embodiment, the NMOS thresh-
old voltage detector 13 at least comprises a third clock termi-
nal 131, asecond CMOS inverter 132, a second capacitor 133,
an NMOS threshold voltage function generator 134 and a
third voltage output terminal 135, the third clock terminal 131
means for receiving the clock signal from the clock generator
11, the second CMOS inverter 132 is electrically connected to
the third clock terminal 131, the second capacitor 133 is
electrically connected to the second CMOS inverter 132, in
this embodiment, the second CMOS inverter 132 is composed
of a second PMOS transistor 1321 and a second NMOS
transistor 1324, the second PMOS transistor 1321 and the
second NMOS transistor 1224 have a gate terminal 1322,
1325 and a drain terminal 1323,1326 respectively, each of the
gate terminals 1322,1325 is electrically connected to the third
clock terminal 131, each of the drain terminals 1323,1326 is
electrically connected to the second capacitor 133, the NMOS
threshold voltage function generator 134 is electrically con-
nected to the second capacitor 133 and applied to generate a
formula of voltage signal as a function of threshold voltage,
the third voltage output terminal 135 is electrically connected
to the NMOS threshold voltage function generator 134. With
reference to FIG. 4, the NMOS threshold voltage detector 13
further comprises a fourth clock signal 136, the NMOS
threshold voltage function generator 134 is composed of a
fourth NMOS transistor 1341, a fifth NMOS transistor 1342,
a sixth NMOS transistor 1343, a seventh NMOS transistor
1344, an eighth NMOS transistor 1345, a ninth NMOS tran-
sistor 1346 and a ninth PMOS transistor 1347, wherein the
fifth NMOS transistor 1342 is electrically connected to the
fourth NMOS transistor 1341, the sixth NMOS transistor
1343 and the ninth PMOS transistor 1347 are electrically
connected to the fifth NMOS transistor 1342, the seventh
NMOS transistor 1344 and the eighth NMOS transistor 1345
are electrically connected to the sixth NMOS transistor 1343,
the ninth NMOS transistor 1346 is electrically connected to
the seventh NMOS transistor 1344 and the eighth NMOS
transistor 1345, the eighth NMOS transistor 1345 is electri-
cally connected to the ninth PMOS transistor 1347, the fourth
clock terminal 136 is electrically connected to the fifth
NMOS transistor 1342 and the ninth PMOS transistor 1347.
In this embodiment, the fifth NMOS transistor 1342 has a gate
terminal 13424, the ninth PMOS transistor 1347 has a gate
terminal 13474, the fourth clock terminal 136 is electrically
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connected to the gate terminal 1342a of the fifth NMOS
transistor 1342 and the gate terminal 1347a of the ninth
PMOS transistor 1347, besides, the NMOS threshold voltage
function generator 134 further comprises a second reset ter-
minal 137 that is electrically connected to the seventh NMOS
transistor 1344 and the ninth NMOS 1346. In this embodi-
ment, the NMOS threshold voltage detector 13 further com-
prises a tenth NMOS transistor 138 and a fourth capacitor
139, the tenth PMOS transistor 138 is electrically connected
to the second CMOS inverter 132, the fourth capacitor 139 is
electrically connected to the NMOS threshold voltage func-
tion generator 134 and the third voltage output terminal 135
and applied to ease the voltage drop eftect of the third voltage
output terminal 135 caused from parasitic capacitor of the
eighth NMOS transistor 1345 while the eighth NMOS tran-
sistor 1345 is in conduction.

Referring to FIG. 2, the clock generator 11 is composed of
aring oscillator 111 having a clock output terminal 112 and a
start-up circuit 113, in this embodiment, the enable terminal
10 is electrically connected to the ring oscillator 111 and the
start-up circuit 113, wherein the start-up circuit 113 is com-
posed of an enable receiving terminal 114, an inverter 115, an
AND gate 116 and an eleventh NMOS transistor 117, the
AND gate 116 is electrically connected to the enable receiv-
ing terminal 114 and the inverter 115, the eleventh NMOS
transistor 117 is electrically connected to the AND gate 116,
and the ring oscillator 111 is electrically connected to the
eleventh NMOS transistor 117, the start-up circuit 113 means
for maintaining the ring oscillator 111 to operate normally.
With reference to FIG. 5, the first comparator 14 is composed
of a first bias-generating circuit 141 having a first reference
terminal 144, a first current mirror 142 being electrically
connected to the first bias-generating circuit 141 and a first
output unit 143 being electrically connected to the first cur-
rent mirror 142. The second voltage output terminal 125 is
electrically connected to the first current mirror 142, the first
reference terminal 144 is electrically connected to the first
current mirror 142, and the first output unit 143 has a first
trigger output terminal 145. With reference to FIG. 6, the
second comparator 15 is composed of a second bias-generat-
ing circuit 151 having a second reference terminal 154, a
second current mirror 152 being electrically connected to the
second bias-generating circuit 151 and a second output unit
153 being electrically connected to the second current mirror
152. The third voltage output terminal 135 is electrically
connected to the second current mirror 152, the second ref-
erence terminal 154 is electrically connected to the second
current mirror 152, and the second output unit 153 has a
second trigger output terminal 155. With reference to FIG. 7,
the first compensation code generator 16 is composed of a
first counter 161 having a fifth clock terminal 162, a first
encoder 163 being electrically connected to the first counter
161, and a first flip-flop 165, a second flip-flop 166 and a third
flip-flop 167 being electrically connected to the first encoder
163, wherein the first encoder 163 has a first reset output
terminal 164. When the first flip-flop 165, the second flip-flop
166 and the third flip-flop 167 receive the first trigger signal,
the first reset output terminal 164 is capable of sending a first
reset signal to the PMOS threshold voltage detector 12 there-
fore enabling terminal voltage of the second voltage output
terminal 125 to be discharged to zero volts. With reference to
FIG. 8, the second compensation code generator 17 is com-
posed of a second counter 171 having a sixth clock terminal
172, a second encoder 173 being electrically connected to the
second counter 171, and a fourth flip-flop 175, a fifth flip-flop
176 and a sixth flip-flop 177 being electrically connected to
the second encoder 173, wherein the second encoder 173 has
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6

a second reset output terminal 174. When the fourth flip-flop
175, the fifth flip-flop 176 and the sixth flip-flop 177 receive
the second trigger signal, the second reset output terminal 174
is capable of sending a second reset signal to the NMOS
threshold voltage detector 13 therefore enabling terminal
voltage of the third voltage output terminal 135 to be dis-
charged to zero volts.

Referring to FIG. 9, the output buffer stage 19 further
comprises a pre-driver 191, an external voltage detector 192
and a gate voltage generator 193. With reference to FIG. 11,
the gate voltage generator 193 has at least one voltage level
converter 1931 and electrically connects the pre-driver 191
and the external voltage detector 192, wherein the output
stage 194 is electrically connected to the gate voltage genera-
tor 193, the external voltage detector 192 and the pre-driver
191. In this embodiment, the output stage 194 is electrically
connected to the voltage level converter 1931 of the gate
voltage generator 193. With reference to FIG. 10, the external
voltage detector 192 is composed of a third bias-generating
circuit 1921, a tenth PMOS transistor 1923, a twelfth NMOS
transistor 1924, a protection circuit 1925 and a series-con-
nected inverter 1928, wherein the tenth PMOS transistor 1923
is electrically connected to the third bias-generating circuit
1921, the protection circuit 1925 is electrically connected to
the tenth PMOS transistor 1923 and the third bias-generating
circuit 1921, the twelfth NMOS transistor 1924 is electrically
connected to the protection circuit 1925, and the series-con-
nected inverter 1928 is electrically connected to the protec-
tion circuit 1925 and the twelfth transistor 1924. In this
embodiment, the protection circuit 1925 comprises an elev-
enth PMOS transistor 1926 and a thirteenth NMOS transistor
1927, the eleventh PMOS transistor 1926 is electrically con-
nected to the tenth PMOS transistor 1923 and the third bias-
generating circuit 1921, and the thirteen NMOS transistor
1927 is electrically connected to the twelfth NMOS transistor
1924. The eleventh PMOS transistor 1926 means for prevent-
ing effects from overstress of gate-oxide layer via excessive
voltage across gate to source. The thirteenth NMOS transistor
1927 means for discharging one of the transistors of the third
bias-generating circuit 1921 down to zero volts to shut down
the twelfth NMOS transistor 1924 so that an unnecessary
static leakage current can be avoided. With reference to FIG.
9 and FIG. 10, the third bias-generating circuit 1921 com-
prises a fourth voltage output terminal 1922, and the series-
connected inverter 1928 comprises a fifth voltage output ter-
minal 1929. The fourth voltage output terminal 1922 is
electrically connected to the gate voltage generator 193, and
the fifth voltage output terminal 1929 is electrically con-
nected to the output stage 194 and the gate voltage generator
193. The output stage 194 further comprises a twelfth PMOS
transistor 1941, a thirteenth PMOS transistor 1942, a four-
teenth PMOS transistor 1943, a fifteenth PMOS transistor
1944, a fourteenth NMOS transistor 1945, a fifteenth NMOS
transistor 1946, a sixteenth NMOS transistor 1947 and a
seventeenth NMOS transistor 1948. In this embodiment, the
output buffer stage 19 further comprises an external voltage
receiving terminal 196 that is electrically connected to the
output stage 194 and the external voltage detector 192, pref-
erably, the thirteen PMOS transistor 1942, the fourteenth
PMOS transistor 1943 and the fifteenth PMOS transistor
1944 are electrically connected to the external voltage receiv-
ing terminal 196. The external voltage receiving terminal 196
means for receiving a maximum of two times the supply
voltage. The twelfth PMOS transistor 1941 is electrically
connected to the thirteenth PMOS transistor 1942, the four-
teenth transistor 1943 and the fifteenth transistor 1944, and
the fifteenth NMOS transistor 1946, the sixteenth NMOS
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transistor 1947 and the seventeenth NMOS transistor 1948
are electrically connected to the fourteenth NMOS transistor
1945. The fourteenth NMOS transistor 1945 and the twelfth
PMOS transistor 1941 are electrically connected to the first
voltage output terminal 195.

Referring to FIG. 1, when the enable terminal 10 sends the
enable signal, the clock output terminal 112 of the clock
generator 11 is capable of providing the clock signal, and the
PMOS threshold voltage detector 12 and the NMOS thresh-
old voltage detector 13 receive the clock signal. With increase
of the clock signal, the PMOS threshold voltage function
generator 124 generates a formula that can be derived as
V,=pxqxV ,,,—-mxV 5, where V,, is the voltage function and
V>0, q is the clock cycle, V,, , is the threshold voltage of
PMOS transistor, V, is the supply voltage, p is a positive
integer and m is a positive integer smaller than q. In this
embodiment, the voltage function is the first analog signal.
Similarly, with increase of the clock signal, the NMOS
threshold voltage function generator 134 generates a formula
that can be derived as V,,=(V ,p,—kxV,,,,)xn, where V, is the
voltage function and V,>0, n is the clock cycle, V,,, is the
threshold voltage of NMOS transistor, V,, is the supply
voltage and k is a positive integer. In this embodiment, the
voltage function is the second analog signal. The first analog
signal provided from the PMOS threshold voltage function
generator 124 can be sent by the second voltage output ter-
minal 125 and the second analog signal provided from the
NMOS threshold voltage function generator 134 can be sent
by the third voltage output terminal 135 respectively. Various
process and temperature conditions lead variance of thresh-
old voltage of PMOS transistors and NMOS transistors.
Therefore, the number of clock cycle changes in various
process and temperature conditions to construct different
voltage levels of mentioned analog signals. The PMOS
threshold voltage detector 12 and the NMOS threshold volt-
age detector 13 enable to detect variance of threshold voltage
of PMOS transistors and NMOS transistors. With reference to
FIG. 1 and FIG. 5, the second voltage output terminal 125
enables to send the first analog signal to the first comparator
14. When voltage level of the first analog signal is lower than
voltage of the first reference terminal 144, the first trigger
output terminal 145 of the first comparator 144 sends the first
trigger signal to the first compensation code generator 16.
With reference to FIG. 1 and FIG. 6, the third voltage output
terminal 135 enables to send the second analog signal to the
second comparator 15. When voltage level of the second
analog signal is higher than voltage of the second reference
terminal 154, the second trigger output terminal 155 of the
second comparator 15 sends the second trigger signal to the
second compensation code generator 17. With reference to
FIG. 1 and FIG. 7, when the clock generator 11 sends the
clock signal, the first counter 161 of the first compensation
code generator 16 receives the clock signal. Consequently,
when the PMOS threshold voltage detector 12 receives the
clock signal at a time, the first counter 161 synchronously
counts at a time, and then the first encoder 163 receives
counting numbers from the first counter 161 to execute
encode. In this embodiment, the first flip-flop 165, the second
flip-flop 166 and the third flip-flop 167 are electrically con-
nected to a first trigger receiving terminal 168. When the first
comparator 14 sends the first trigger signal to the first trigger
receiving terminal 168, the first trigger signal activates the
first flip-flop 165, the second flip-flop 166 and the third flip-
flop 167 to obtain the first compensation code. With reference
to FIG. 1 and FIG. 8, when the clock generator 11 sends the
clock signal, the second counter 171 of the second compen-
sation code generator 17 receives the clock signal. Conse-
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quently, when the NMOS threshold voltage detector 13
receives the clock signal at a time, the second counter 171
synchronously counts at a time, and then the second encoder
173 receives counting numbers from the second counter 171
to execute encode. In this embodiment, the fourth flip-flop
175, the fifth flip-flop 176 and the sixth flip-flop 177 are
electrically connected to a second trigger receiving terminal
178. When the first comparator 15 sends the second trigger
signal to the second trigger receiving terminal 178, the second
trigger signal activates the fourth flip-flop 175, the fifth flip-
flop 176 and the sixth flip-flop 177 to obtain the second
compensation code. With reference to FIG. 9, the pre-driver
191 of the output buffer stage 19 receives the first compen-
sation code and the second compensation code. The output
buffer stage 19 is capable of providing a plurality of gate
voltage signals to control on/off operations of the PMOS
transistors and the NMOS transistors via the pre-driver 191,
the external voltage detector 192 and the gate voltage genera-
tor 193. The mentioned on/off operations can modulate the
drive current that is provided by the output stage 194 and
effectively compensate slew rate of the first voltage output
terminal 195. This invention is able to detect variance of
threshold voltage of PMOS transistors and NMOS transistors
in various process and temperature conditions via the PMOS
threshold voltage detector 12 and the NMOS threshold volt-
age detector 13. Besides, the output buffer stage 19 modulates
the drive current therefore effectively compensating slew rate
of the first voltage output terminal 195.

While this invention has been particularly illustrated and
described in detail with respect to the preferred embodiments
thereof, it will be clearly understood by those skilled in the art
that is not limited to the specific features shown and described
and various modified and changed in form and details may be
made without departing from the spirit and scope of this
invention.

What is claimed is:

1. An output buffer with process and temperature compen-
sation comprising:

an enable terminal means for sending an enable signal;

a clock generator electrically connected to the enable ter-
minal and applied to receive the enable signal to provide
at least one clock signal;

a PMOS threshold voltage detector, for detecting variance
of threshold voltage of PMOS transistors, electrically
connected to the clock generator and applied to receive
the at least one clock signal to provide a first analog
signal;

an NMOS threshold voltage detector, for detecting vari-
ance of threshold voltage of NMOS transistors, electri-
cally connected to the clock generator and applied to
receive the at least one clock signal to provide a second
analog signal;

a first comparator electrically connected to the PMOS
threshold voltage detector and applied to receive the first
analog signal to provide a first trigger signal;

a second comparator electrically connected to the NMOS
threshold voltage detector and applied to receive the
second analog signal to provide a second trigger signal;

a first compensation code generator, for providing a first
compensation code while receiving the clock signal and
the first trigger signal, electrically connected to the first
comparator and the clock generator;

a second compensation code generator, for providing a
second compensation signal while receiving the clock
signal and the second trigger signal, electrically con-
nected to the second comparator and the clock genera-
tor; and
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an output buffer stage, the output buffer stage has an output
stage, the output buffer stage is applied to receive the
first compensation code and the second compensation
code to control a drive current generated by the output
stage, wherein the output stage has a first voltage output
terminal, and the modulated drive current is capable of
compensating slew rate of the first voltage output termi-
nal.

2. The output buffer with process and temperature com-
pensation in accordance with claim 1, wherein the first com-
pensation code generator is electrically connected to the
PMOS threshold voltage detector and applied to send a first
reset signal to the PMOS threshold voltage detector.

3. The output buffer with process and temperature com-
pensation in accordance with claim 1, wherein the second
compensation code generator is electrically connected to the
NMOS threshold voltage detector and applied to send a sec-
ond reset signal to the NMOS threshold voltage detector.

4. The output buffer with process and temperature com-
pensation in accordance with claim 1, wherein the clock
generator comprises a ring oscillator and a start-up circuit,
where the start-up circuit is composed of an enable receiving
terminal, an inverter, an AND gate and an eleventh NMOS
transistor, the AND gate is electrically connected to the
enable receiving terminal and the inverter, the eleventh
NMOS transistor is electrically connected to the AND gate,
and the ring oscillator is electrically connected to the eleventh
NMOS transistor.

5. The output buffer with process and temperature com-
pensation in accordance with claim 1, wherein the output
buffer stage is composed of a pre-driver, an external voltage
detector and a gate voltage generator, the gate voltage gen-
erator has at least one voltage level converter, the voltage level
converter is electrically connected to the pre-driver and the
external voltage detector.

6. The output buffer with process and temperature com-
pensation in accordance with claim 5, wherein the output
stage is electrically connected to the gate voltage generator,
the external voltage detector and the pre-driver.

7. The output buffer with process and temperature com-
pensation in accordance with claim 5, wherein the external
voltage detector is composed of a third bias-generating cir-
cuit, a tenth PMOS transistor, a twelfth NMOS transistor, a
protection circuit and a series-connected inverter, where the
tenth PMOS transistor is electrically connected to the third
bias-generating circuit, the protection circuit is electrically
connected to the tenth PMOS transistor and the third bias-
generating circuit, the twelfth NMOS transistor is electrically
connected to the protection circuit, the series-connected
inverter is electrically connected to the protection circuit and
the twelfth NMOS transistor.

8. The output buffer with process and temperature com-
pensation in accordance with claim 7, wherein the protection
circuit comprises an eleventh PMOS transistor and a thir-
teenth NMOS transistor, the eleventh PMOS transistor is
electrically connected to the tenth PMOS transistor and the
third bias-generating circuit, and the thirteen NMOS transis-
tor is electrically connected to the twelfth NMOS transistor.

9. The output buffer with process and temperature com-
pensation in accordance with claim 1 further comprises an
external voltage receiving terminal, and the external voltage
receiving terminal is electrically connected to the output
stage.

10. A PMOS threshold voltage detector with process and
temperature compensation comprising:

a first clock terminal, the first clock terminal means for

receiving a clock signal;
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a CMOS inverter, the CMOS inverter is electrically con-
nected to the first clock terminal;

a capacitor, the capacitor is electrically connected to the
CMOS inverter;

a PMOS threshold voltage function generator, the PMOS
threshold voltage function generator is electrically con-
nected to the capacitor and applied to generate a formula
of voltage signal as a function of threshold voltage; and

a voltage output terminal, the voltage output terminal is
electrically connected to the PMOS threshold voltage
function generator.

11. The PMOS threshold voltage detector with process and
temperature compensation in accordance with claim 10,
wherein the CMOS inverter is composed of a first PMOS
transistor and a first NMOS transistor, the first PMOS tran-
sistor and the first NMOS transistor have a gate terminal and
a drain terminal respectively, each of the gate terminals is
electrically connected to the first clock terminal, and each of
the drain terminals is electrically connected to the capacitor.

12. The PMOS threshold voltage detector with process and
temperature compensation in accordance with claim 10 fur-
ther comprises a second clock terminal, where the PMOS
threshold voltage function generator is composed of a third
PMOS transistor, a fourth PMOS transistor, a fifth PMOS
transistor, a sixth PMOS transistor, a seventh PMOS transis-
tor and a third NMOS transistor, wherein the fourth PMOS
transistor, the fifth PMOS transistor and the sixth PMOS
transistor are electrically connected to the third PMOS tran-
sistor, the fifth PMOS transistor is electrically connected to
the sixth PMOS transistor, the seventh PMOS transistor is
electrically connected to the fourth PMOS transistor, the third
NMOS transistor is electrically connected to the fourth
PMOS transistor and the fifth PMOS transistor, the second
clock terminal is electrically connected to the fourth PMOS
transistor and the third NMOS transistor.

13. The PMOS threshold voltage detector with process and
temperature compensation in accordance with claim 12,
wherein the PMOS threshold voltage function generator fur-
ther comprises a first reset terminal, the first reset terminal is
electrically connected to the third PMOS transistor and the
sixth PMOS transistor.

14. The PMOS threshold voltage detector with process and
temperature compensation in accordance with claim 10,
wherein the formula can be derived as can be derived as
V,=pxqxV ,,,—-mxV ,,p, where V,, is the voltage function and
V,>0, q is the clock cycle, V,,,, is the threshold voltage of
PMOS transistor, V,, is the supply voltage, p is a positive
integer and m is a positive integer smaller than g.

15. An NMOS threshold voltage detector with process and
temperature compensation comprising:

a third clock terminal, the third clock terminal means for

receiving a clock signal;

a CMOS inverter, the CMOS inverter is electrically con-
nected to the third clock terminal;

a capacitor, the capacitor is electrically connected to the
CMOS inverter;

an NMOS threshold voltage function generator, the NMOS
threshold voltage function generator is electrically con-
nected to the capacitor and applied to generate a formula
of voltage signal as a function of threshold voltage; and

a voltage output terminal, the voltage output terminal is
electrically connected to the NMOS threshold voltage
function generator.

16. The NMOS threshold voltage detector with process and
temperature compensation in accordance with claim 15,
wherein the CMOS inverter is composed of a second PMOS
transistor and a second NMOS transistor, the second PMOS
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transistor and the second NMOS transistor have a gate termi-
nal and a drain terminal respectively, each of the gate termi-
nals is electrically connected to the third clock terminal, and
each of the drain terminals is electrically connected to the
capacitor.

17. The NMOS threshold voltage detector with process and
temperature compensation in accordance with claim 15 fur-
ther comprises a fourth clock terminal, the NMOS threshold
voltage function generator is composed of a fourth NMOS
transistor, a fifth NMOS transistor, a sixth NMOS transistor,
a seventh NMOS transistor, an eighth NMOS transistor a
ninth NMOS transistor and a ninth PMOS transistor, wherein
the fourth NMOS transistor is electrically connected to the
fifth NMOS transistor, the sixth NMOS transistor and the
ninth PMOS transistor are electrically connected to the fifth
NMOS transistor, the seventh NMOS transistor and the
eighth NMOS transistor are electrically connected to the sixth
NMOS transistor, the ninth NMOS transistor is electrically

12

connected to the seventh NMOS transistor and the eighth
NMOS transistor, the eighth NMOS transistor is electrically
connected to the ninth PMOS transistor, the fourth clock
terminal is electrically connected to the fifth NMOS transistor
and the ninth PMOS transistor.

18. The NMOS threshold voltage detector with process and
temperature compensation in accordance with claim 17,
wherein the NMOS threshold voltage function generator fur-
ther comprises a second reset terminal, the second reset ter-
minal is electrically connected to the seventh NMOS transis-
tor and the ninth NMOS transistor.

19. The NMOS threshold voltage detector with process and
temperature compensation in accordance with claim 15,
wherein the formula can be derived as V,=(V ,,~kxV,, )xn,
where V,, is the voltage function and V,>0, n is the clock
cycle, V,,,, is the threshold voltage of NMOS transistor, V
is the supply voltage and k is a positive integer.

#* #* #* #* #*



