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(57) ABSTRACT

Input butler circuitry that prevents high voltage output from
high voltage circuitry from being applied to connected low
voltage circuitry. An input of the input buffer circuitry
receives signals from the high voltage circuitry. Pinch-oif
circuitry receives the input signals and prevents voltage
above a threshold voltage from being applied to an output of
the pinch-oil circuitry. Boost circuitry controls the threshold
voltage of the pinch-oif circuitry and pull-up circuitry draws
voltage from the output of the pinch-off circuitry to regulate
the control by the booster circuitry.
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CIRCUITRY TO PROVIDE A LOW POWER
INPUT BUFFER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

[This application claims priority to provisional applica-
tion 60/3773,744 filed on Apr. 17, 2002, and which 1s hereby
explicitly incorporated by reference as if set forth below.}
This application is a reissue application for U.S. Pat. No.

6,844,770 issued on Jan. 18, 2005, which claims priority to
U.S. provisional application 60/373,744 filed on Apr. 17,

2002, which is incovporated by reference in its entirety
herein.

BACKGROUND OF THE INVENTION

1. Field

The present invention relates to an input buffer. More
particularly, this imvention relates to a low power input
butfer. Still more particularly, this invention relates to a low
power 1nput butler that 1s tolerant of a 5 volt input.

2. The Prior Art

Most electronic devices used 1n today’s society are made
up of many different integrated circuits. The integrated cir-
cuits 1n these devices are becoming denser as the dimensions
of semiconductors components of the integrated circuits
decrease. The decreased dimensions of the semiconductor
components allow for faster devices that do not require as
much power to operate. For example, many conventional
components used to require 5 volts of power to operate.
However, many current semiconductor components, such as
transistors require approximately 3.3 volts to operate. The
use of components having lower power requirements 1s
important 1n mobile devices such as laptop computers and
cellular telephones. The lower power allows a power supply
in the device, such as a battery, to last longer and be smaller.

of the Invention

It 1s a problem that many devices still incorporate inte-
grated circuits with the older high-powered components and
integrated circuits with the new, lower power components.
These devices may connect the lower power 1ntegrated cir-
cuits to high-powered integrated circuits. Thus, an integrated
circuit operating on a lower voltage may receive an input at a
higher voltage. This 1s a particular problem when an input of
a higher voltage from a high voltage integrated circuit is
applied to the lower voltage integrated circuit.

The particular problem 1s that the thin film oxide of the
low voltage integrated circuit may suifer oxide breakdown
from exposure to a voltage higher than the maximum supply
voltage. This will cause catastrophic damage to the compo-
nents of the low voltage integrated circuait.

One solution to this problem 1s shown by the input circuit
100 of FIG. 1. In mput butiter circuit 100, high voltage inte-
grated circuit 101 applies high voltage signals to path 102.
An N-channel transistor 110 1s connected to path 102 to
prevent damage to the lower power integrated circuit. A
source of transistor 110 connects to path 102. A drain of
transistor 110 connects to path 103. A gate of transistor 110
connects to a supply voltage VDD wvia path 104. In this
exemplary embodiment, the supply voltage VDD 1s 3.3 volts
and the mnput signals are 5 volts.

Path 103 connects the drain of transistor 110 to the input
buffer. In this exemplary prior art embodiment, the input
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2

butiler 1s an inverter 106. Inverter 106 1s powered by supply
voltage Vdd via path 113.

A high voltage signal from high voltage integrated circuit
101 causes transistor 110 to pinch ol when the mnput voltage
exceeds a gate voltage, Vg minus a threshold voltage, Vth. In
this exemplary embodiment, the threshold voltage, Vth, 1s
0.6 volts. Theretfore, the pinch off voltage passed through
transistor 110 1s 2.7 volts.

It 15 a problem with circuit 100 that the hlghest voltage
that may pass through transistor 110 1s the pinch off voltage.
This causes inverter 106 to be partially biased. Thus, a static
“totem pole” current 1s caused when the 1nput signal from
the integrated circuit 101 1s high.

FIG. 2 illustrates a prior art buifer circuit 200 1n which a
pull-up device 1s added to path 103 in order to prevent a
“totem pole” current flow. The pull-up device 1s P-channel
pull-up transistor 220. The source of pull-up transistor 220 1s
connected to path 103 from the drain of transistor 110. The
drain of pull-up transistor 220 i1s connected to a power
supply, Vdd, via path 210. The gate of transistor 220 1s con-
nected to the output of inverter 106 via path 221. This allows
the pull-up of transistor 220 to be controlled by the output of
the input butfer.

It 1s a problem with circuit 200 that when the input from
high voltage integrated circuit 101 transitions from low to
high, there 1s a mid-range voltage at which the input builer
changes state which causes voltage to be applied to the gate
of transistor 220. The application of voltage opens transistor
220. This may cause a violation of input leakage specifica-
tions that are typically 10 pamps.

Thus, there 1s a need 1n the art for a low power input buffer
tolerant of high voltages that solves the above and other
problems.

BRIEF DESCRIPTION OF THE INVENTION

The above and other problems 1n the art are solved by the
input butfer circuitry designed 1n accordance with this inven-
tion. The mput buller circuitry designed in accordance with
this invention connects low voltage circuitry to high voltage
circuitry and prevents high voltage signals from the high
voltage circuitry to be applied to low voltage circuitry in
order to prevent damage to the low voltage circuitry.

In accordance with this imvention, the mput bufler cir-
cuitry 1s configured in the following manner. An mput
receives signals from the high voltage circuitry.

Pinch-oll circuitry receives the signals from the input and
prevents voltage 1n the signals that are above a threshold
voltage from being applied to an output of said pinch-oif
circuitry. Boost circuitry controls the threshold voltage of
the pinch-oil circuitry and pull-up circuitry connects to the
output of the pinch-off circuitry to draw voltage from the
output of the pinch-oil circuitry to regulate the control by the
boost circuitry.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 1s an exemplary embodiment of a prior art low
voltage mput butler;

FIG. 2 1s a second exemplary embodiment of a prior art
low voltage input butfer;

FIG. 3 1s a block diagram of components of a low voltage
input buffer in accordance with this invention;

FIG. 4 15 a first exemplary embodiment of a low voltage
input butier in accordance with this mnvention; and
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FIG. 5 1s a second exemplary embodiment of a low volt-
age 1nput buifer in accordance with this invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description of exemplary embodiments of
this invention 1s not intended to limit the scope of the mven-
tion to these embodiments, but rather to enable any person
skilled 1n the art to make and use the ivention.

FIG. 3 illustrates a block diagram of a low voltage input
butfer circuit 300 1n accordance with this mvention. Low
voltage mput butier 300 receives signals from high voltage
integrated circuit 301 via path 30S5. The configuration of
high voltage integrated circuit 301 does not matter for pur-
poses of this invention. However, high voltage integrated
circuit 301 does operate at a substantially higher voltage
than circuitry connected to input buffer circuitry 300.
Typically, this means that high voltage integrated circuit 301
operates at 5 volts and the circuitry connected to input buifer
circuit 300 operates at 3.3 volts.

A source of pinch-oif transistor 310 connects to path 305.
The drain of pinch-off transistor 310 connects to path 312.
The gate of pinch-off transistor 310 1s connected to boost
circuitry 325 via path 330. Preferably, pinch-ofl transistor
310 1s an N-channel MOS transistor. Although one skilled 1n
the art will recognize that other types of transistors may be
used with some modifications to the configuration.

Boost circuitry 325 connects via path 330 to the gate of
pinch-off transistor 310 and via path 332 to power supply
Vdd. Preferably, power supply Vdd 1s 3.3 volts. Booster cir-
cuitry 325 increases the voltage applied to the gate of pinch-
off transistor 310 to allow the voltage value passed through
pinch-off transistor 310 to be increased. Booster circuitry
325 may be connected to pull-up circuitry 320 via path 337.
The connection to pull-up circuitry 320 allows booster cir-
cuitry 325 to control the increase of voltage passed through
pinch-off transistor 310 based on the voltage of pull-up cir-
cuitry 320.

Pull-up circuitry 320 connects to path 312 to draw current
from path 312. Pull-up circuitry 320 may connect to the
output of mput butler circuitry 300 via path 338 to control
the amount of current pulled based upon the voltage at the
output. Pull-up circuitry 320 may also connect to boost cir-
cuitry 325 via path 337. This allows boost circuitry 3235 to
control the amount of voltage passing through pinch-oif
transistor 310 based upon the amount of current drawn by
pull-up circuitry 320.

Buffer circuitry, such as mverter 315, 1s connected to the
drain of pinch-off transistor 310 via path 312. The buifer

circuitry provides the signal to low voltage circuitry (Not
Shown) via path 313.

FIG. 4 1llustrates a first preferred embodiment of a low
power mput bulfer circuit 400 1n accordance with this mven-
tion. Low voltage mput buifer circuit 400 receives signals
from high voltage integrated circuit 401 via path 405. The
configuration of high voltage integrated circuit 401 does not
matter for purpose of this invention. However, high voltage
integrated circuit 401 does operate at a substantially higher
voltage than circuitry connected to input bulfer circuitry
400. Typically, this means that high voltage integrated cir-
cuit 401 operates at 5 volts and the circuitry connected to
input bufler circuit 400 operates at 3.3 volts.

Pinch-oif transistor 410 1s a transistor used to pinch off
excessive voltage recerved from high voltage integrated cir-
cuit 401. A source of pinch-off transistor 410 connects to
path 405. The drain of pinch-off transistor 410 connects to
path 412. The gate of pinch-oif 1s connected to the drain of
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4

pull-up transistor 425 via path 430. Preferably, pinch-oif
transistor 410 1s a N-channel MOS transistor. Although one
skilled 1n the art will recognize that other types of transistors
may be used with some modifications to the configuration.

Boost circuitry 1n this embodiment 1s provided by pull-up
transistor 425. Preferably, pull-up transistor 4235 is a
p-channel MOSFET transistor. Although, those skilled in the
art will recognize that other types of transistors may be used
with minor modifications to circuitry 400. The drain of pull-
up transistor 425 connects via path 430 to the gate of pinch-
off transistor 410. The drain of pull-up transistor 4235 1s also
connected via path 437 to the drain of bootstrap capacitor
420. The source of pull-up transistor 425 connects via path
432 to power supply Vdd. Preferably, power supply Vdd is
3.3 volts and supplied by the connected low voltage cir-
cuitry.

Pull-up transistor 425 increases the voltage applied to the
gate ol pinch-ofl transistor 410 to allow the voltage value
passed through pinch-off transistor 410 to be increased. The
connection of the drain of pull-up transistor 423 to the drain
of bootstrap capacitor 420 allows pull-up transistor 425 to
control the increase of voltage passed through pinch-off
transistor 410 based on the voltage passing through boot-
strap capacitor 420.

Bootstrap capacitor 420 connects to path 412 to draw cur-
rent from path 412. Current passing through bootstrap
capacitor 420 1s applied to the gate of pinch-ofl transistor
410 via paths 430 and 437. Pull-up transistor 425 then con-
trols the boost of pinch-oif transistor 410 by controlling the
amount of voltage from the power supply.

Buftfer circuitry, such as mverter 415, 1s connected to the
drain of pinch-off transistor 410 via path 412. The buffer
circuitry provides the signal to low voltage circuitry (Not

Shown) via path 413.

Input butier circuitry 400 operates optimally under Alter-
nating Current (AC) conditions having a high clock rate.
However, input butler circuitry 400 does not function opti-
mally in conditions having Direct Current (DC) or a low
clock rate.

In order to operate 1n DC or low clock rate conditions, a
second mput butler circuitry 500 shown i FIG. 5 may be
used. Low voltage 1mput bulfer circuit 500 receives signals
from high voltage integrated circuit 501 via path 505. The
configuration of high voltage integrated circuit 501 does not
matter for purpose of this invention. However, high voltage
integrated circuit 501 does operate at a substantially higher
voltage than circuitry connected to input buifer circuitry
500. Typically, this means that high voltage integrated cir-
cuit 301 operates at 5 volts and the circuitry connected to
input bufler circuit 500 operates at 3.3 volts.

In input bulifer circuitry 500 a first pinch-oif transistor 510
and a second pinch-off transistor 511 are used to pinch off
excessive voltage recerved from high voltage integrated cir-
cuit 501. First pinch-oil transistor 510 and second pinch-off
transistor 511 are connected 1n parallel to high voltage inte-
grated circuit 301 and path 512.

A source of first pinch-off transistor 510 connects to path
505. The drain of first pinch-off transistor 510 connects to
path 512. The gate of pinch-off transistor 510 1s connected to
the drain of pull-up transistor 525 via path 330. The gate of
first pinch-oif transistor 5310 1s connected to the gate and
drain of second reverse biased diode transistor 521.
Preferably, pinch-oif transistor 510 1s a N-channel MOS
transistor. Although one skilled 1n the art will recognize that
other types of transistors may be used with some modifica-
tions to the configuration.
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A source of second pinch-oif transistor 311 connects to
path 505. The drain of second pinch-off transistor 311 con-
nects to path 512. The gate of pinch-off 1s connected to a
power supply, Vdd, via path 530. Preferably, power supply
Vdd 1s 3.3 volts and supplied by the low voltage circuitry
connected to input butler circuitry 500. Preferably, pinch-oif
transistor 510 1s a N-channel MOS transistor. Although one
skilled 1n the art will recognize that other types of transistors
may be used with some modifications to the configuration.

Boost circuitry 1n this embodiment 1s provided by pull-up

transistor 525. Preferably, pull-up transistor 523 is a
p-channel MOSFET transistor. Although, those skilled in the
art will recognize that other types of transistors may be used
with trivial modifications to circuitry 500. The drain of pull-
up transistor 525 connects via path 530 to the gate of first
pinch-off transistor 510. The drain of pull-up transistor 525
1s also connected via path 537 to the drain and gate of second
reversed biased diode transistor 520. The source of pull-up
transistor 5235 connects via path 532 to power supply Vdd.
Preferably, power supply Vdd 1s 3.3 volts and supplied by
the low voltage circuitry connected to input bufler circuitry
500.

Pull-up transistor 525 increases the voltage applied to the
gate of first pinch-oil transistor 510 to allow the voltage
value passed through first pinch-off transistor 510 to be
increased. The connection of the drain of pull-up transistor
525 to the drain and gate of second reversed bias diode tran-
sistor 521 allows pull-up transistor 525 to control the
increase of voltage passed through first pinch-ofl transistor
510 based on the voltage passing through second reversed
bias diode transistor 521.

The source and the gate of first reversed bias diode transis-
tor 520 connects to path 512. The drain of first reversed bias
diode transistor 520 connects to the source of second
reversed bias diode transistor 521. The source and gate of
first reversed bias diode transistor 520 are connected to path
512 to bias first reversed bias diode transistor 520.
Preferably, first reverse bias diode transistor 320 1s an
N-channel MOSFET transistor. Although one skilled in the
art will recognize that other type of transistors may be used
with trivial modifications to circuitry 500.

The source of second reversed bias diode transistor 521 1s
connected to the drain of first reversed bias diode transistor
520. The drain and the gate of second reversed bias diode
transistor 521 are connected to the drain of pull-up transistor
525 and gate of first pinch of transistor 510 via path 537.
Preferably, second reversed bias diode transistor 521 is an
N-channel MOSFET transistor. Although one skilled in the
art will recognize that other type of transistors may be used
with trivial modifications to circuitry 500.

First reversed bias diode transistor 520 and second
reversed diode transistor 521 connect to path 512 to draw
current from path 512. Current passing through first reversed
bias diode transistor 520 and second reversed diode transis-
tor 521 1s applied to the gate of first pinch-oil transistor 510
via paths 530 and 537. Pull-up transistor 325 then controls

the boost of first pinch-off transistor 310 by controlling the
amount of voltage from the power supply.

Buitfer circuitry, such as inverter 515, are connected to the
drains of first pinch-off transistor 510 and second pinch-off
transistor 511 via path 512. The builer circuitry provides the
signal to low voltage circuitry (Not Shown) via path 513.

As any person skilled 1n the art will recognize from the
previous description and from the figures and claims, modi-
fications and changes can be made to these exemplary
embodiments of the invention without departing from the
scope of the invention defined 1n the following claims.
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What 1s claimed 1s:

1. An input buffer circuitry that connects low power cir-
cuitry to high power circuitry wherein said low power cir-
cuitry operates at a first voltage and said high power circuitry
operates at a second voltage that 1s greater than said first
voltage comprising:

an 1nput that recerves signals at said second voltage from

said high power circuitry;

[l

pinch-oil circuitry that receives said signals and prevents
voltage above a threshold voltage from being applied to
an output of said pinch-off circuitry wherein said
pinch-off circuitry includes a first pinch-off transistor
and a second pinch-off transistor and wherein said first
pinch-off transistor and said second pinch-off transistor
are n-channel transistors;

boost circuitry that controls said threshold voltage of said

pinch-off circuitry; and

pull-up circuitry that connects to said output of said

pinch-off circuitry to draw current from said output of
said pinch-ofl circuitry.

2. The input builer circuitry of claim 1 wherein said pull-
up circuitry 1s connected to said boost circuitry to regulate
control of said threshold voltage from said current drawn by
said pull-up circuitry.

3. The mput bulfer circuitry of claam 1 wherein said
pinch-off circuitry comprises|:] a pinch-off transistor.

4. The mput bufler circuitry of claim 3 wherein said
pinch-off transistor 1s an N-channel transistor.

5. The mput buffer circuitry of claim 3 further comprising:

a source of said pinch-ofl transistor connected to said
input;

a drain of said pinch-off [circuit] transistor connected to
butfer circuitry and said pull-up circuitry; and

a gate of said pinch-off transistor connected to said boost
circuitry.
6. The input butler circuitry of claim 5 wherein said boost
circuitry 1s a pull-up transistor.
7. The input builer circuitry of claim 6 wherein said pull-
up transistor 1s a P-channel transistor.
8. The input butier circuitry of claim 6 turther comprising:

a source of said pull-up transistor connected to a power
supply:;

a drain of said pull-up transistor connected to said gate of
said pinch-off transistor; and

a gate of said pull-up transistor 1s connected to ground.

9. The mput butler circuitry of claim 8 wherein said power
supply 1s 3.3 volts.

10. The mput bufier circuitry of claim 8 wherein said
pull-up circuitry comprises|:] a bootstrap capacitor.

11. The mput butfer circuitry of claim 9 further compris-
ng:

an mmput of said bootstrap capacitor connected to said

drain of said pinch-off [capacitor] transistor; and

an output of said bootstrap capacitor connected to said
drain of said pull-up transistor.

12. The mput butfer circuitry of claim 1 further compris-

ng:

a source of said first pinch-oif transistor connected to said
input;

a drain of said first pinch-off [circuit] transistor connected
to buffer circuitry and said pull-up circuitry;

a gate of said first pinch-off transistor connected to said
boost circuitry;

a source of said second pinch-oif transistor connected to
said 1nput;

[l
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a drain of said second pinch-off [circuit] zransistor con-
nected to said buffer circuitry and said pull-up cir-
cuitry; and

a gate of said second pinch-ofl transistor connected to a
power supply.

13. The mput buifer circuitry of claim 12 wherein said

boost circuitry comprises|:] a pull-up transistor.

14. The mput bulfer circuitry of claim 12 wherein said

pull-up transistor 1s a P-channel transistor.

15. The mput butfer circuitry of claim 12 further compris-

ng:

a source of said pull-up transistor connected to said power
supply; and

a drain of said pull-up transistor connected to said gate of 15
said first pinch-off transistor.

16. The mput buffer circuitry of claim 15 wherein said

pull-up circuitry comprises:

a first reverse bias diode; and
. . 20
a second reverse bias diode.

17. The mput bulfer circuitry of claim 16 wherein said
first reverse bias diode comprises a first reverse bias diode
transistor and said second reverse bias diode comprises a
second reverse bias diode transistor. 55

18. The mput buifer circuitry of claim 17 wherein said
first reverse bias diode transistor and said second reverse
bias diode transistor are N-channel transistors.

19. The mput butlfer circuitry of claim 17 further compris-
ng: 20
a source of said first reverse bias diode transistor con-

nected to said drain of said first pinch-oif transistor and

said drain of said second pinch-oil transistor;

a drain of said first reverse bias diode transistor connected
to a source of said second reverse bias diode transistor; 35

a gate of said first reverse bias diode transistor connected
to said drain of said first pinch-off transistor and said
drain of said second pinch-off transistor;

[l

a drain of said second pinch-oif transistor connected to
said gate and said drain of said pull-up transistor and
said gate of said first pinch-off transistor; and

40

a gate of said second pinch-oil transistor connected to said
gate and said drain of said pull-up transistor and said
gate ol said first pinch-oil transistor.

20. An input buffer circuit connecting a first circuit to a
second circuit, whevein said first circuit operates at a first
voltage and said second circuit operates at a second voltage
that is greater than said first voltage, the input buffer circuit
COmprising:

45

50
pinch-off circuitry configured to receive said second volt-

age from said second circuit and to prevent a voltage
above a threshold voltage from being applied to an out-
put of said pinch-off circuitry, wherein said pinch-off
circuitry comprises both a first pinch-off transistor and 55
a second pinch-off transistor, and whevrein said first

pinch-off transistor and said second pinch-off transistor
are N-channel transistors; and

boost circuitry, including a tramnsistor, configured to
receive a supply voltage and to apply a source voltage 60
to said pinch-off circuitry in vesponse to said supply
voltage, wherein said pinch-off civcuitry is further con-
figured to apply a voltage corresponding to said first
voltage to said output of said pinch-off circuitry in
response to said source voltage. 65

21. The input buffer circuit of claim 20, whevrein said tran-

sistor in said boost circuitry is a P-channel transistor.

8

22. The input buffer circuit of claim 20, wherein:

a source of said transistor in said boost circuitry is con-
nected to a power supply;

a drain of said transistor in said boost circuitry is con-
nected to a gate of a pinch-off transistor in said pinch-
off circuitry,; and

a gate of said transistor in said boost circuitry is con-

nected to ground.
23. The input buffer circuit of claim 20, wherein said first

10 pinch-off transistor comprises a source comnnected to an

input, a drain comnnected to buffer circuitry and pull-up
circuitry, and a gate connected to said boost circuitry, and
wherein said second pinch-off transistor comprises a source
connected to said input, a drain connected to said buffer
circuitry and said pull-up circuitry, and a gate connected to
a power supply.

24. The input buffer circuit of claim 20, further comprising

pull-up circuitry connected to said output of said pinch-off

circuitry and configured to dvaw currvent from said output of
said pinch-off circuitry.

25. The input buffer circuit of claim 24, wherein said pull-
up circuitry is further connected to said boost civcuitry and
configured to vegulate control of said threshold voltage from
said current drawn by said pull-up circuitry.

26. The input buffer cirvcuit of claim 24, wherein said pull-
up circuitry comprises at least one diode configured to draw
current from said output of said pinch-off circuitry.

27. The input buffer circuit of claim 24, wherein said pull-
up circuitry comprises both a first veverse-bias diode and a
second reverse-bias diode to collectively draw currvent from
said output of said pinch-off circuitry.

28. The input buffer circuit of claim 27, wherein said first
reverse bias diode comprises a first veverse-bias diode tran-
sistor and said second-reverse bias diode comprises a sec-
ond reverse-bias diode transistor.

29. The input buffer circuit of claim 28, wherein said first
reverse-bias diode transistor and said second reverse-bias
diode transistor arve both N-channel transistors.

30. A method for providing a buffer between a first civcuit
operating at a first voltage and a second circuit operating at
a second voltage, the method comprising:

receiving a signal from said second civcuit, wherein the
signal has said second voltage;

receiving a supply voltage and then applving a source
voltage to pinch-off circuitry in vesponse to said supply
voltage, wherein said pinch-off cirvcuitry is configured
to prevent a voltage above a threshold voltage from
being applied from an output of said pinch-off circuitry
to said first circuit; and

applving a voltage corresponding to said first voltage to

said output of said pinch-off civcuitry in vesponse to the
source voltage.

31. The method of claim 30, further comprising rveceiving
the supply voltage at boost civcuitry, whevein the boost cir-
cuitry includes a transistor and is configured to apply said
source voltage to said pinch-off circuitry.

32. The method of claim 31, wherein said transistor com-

prises.

a source connected to a power supply;

a drain connected to a gate of a pinch-off transistor in said
pinch-off circuitry; and
a gate connected to ground.
33. The method of claim 30, wherein said pinch-off cir-
cuitry comprises both a first pinch-off transistor and a sec-

ond pinch-off transistor, and wherein said first pinch-off tran-
sistor and said second pinch-off transistor are both

N-channel transistors.
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34. The method of claim 33, wherein said first pinch-off 37. The method of claim 35, wherein said drawing current

fransistor comprises a source connected to an fng_:"utf, a drain from said output of said pinch-off circuitry is performed with
connected to buffer circuitry and pull-up circuitry, and a
gate connected to boost circuitry, and wherein said second
pinch-off transistor comprises a source connected to said

at least one diode.

. : . . : .7 D
input, a {imlf‘? connected to said buffer circuitry and said 38. The method of claim 35, wherein said drawing current
P ”g‘;”pTZW cm?g, ;”ji a ng”e;g}?eifd to a power s zpp Ly from said output of said pinch-off circuitry is performed with
. The method of claim 30, further comprising dvawing . . :
curvent from said output of said pinch-off circuitry. ?H‘I; a first rveverse-bias diode and a second reverse-bias
iode.

36. The method of claim 33, further comprising vegulating
said source voltage based, at least in part, on said current 10

drawn from said output of said pinch-off circuitry. kK k%
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Column 6, line 15, in Claim 1, delete “n-channel” and imsert -- N-channel --.
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