
CASCADE POWER SYSTEM RELATED APPLICATIONS [0001] This application claims
priority to United States Patent Application Serial 11/235,654, filed 22
September 2005, which is a Continuation-in-part of United States Patent
Application Serial No. 11/099,21 1, filed 5 April 2005, which is a
continuation-in-part of United States Patent Application Serial No.
10/983,970, filed 8 November 2004. BACKGROUND OF THE INVENTION 1. Field of
the Invention [0002] The present invention relates to a cascade power
system for extracting usable power from heat produced from the combustion
of biomass, agricultural waste (such as bagasse,) municipal waste and other
fuels. The present invention also relates to a cascade power system where
heat is derived from ahot flue gas stream bymixing the stream with a
precooled or partially spent flue gas stream so that the mixed flue gas
stream has a desired lower temperature for efficient heating of the working
fluid without causing undue stress and strain on the heat exchange unit.
[0003] More particularly, the present invention relates to a cascade power
system for extracting usable power from heat produced from the combustion
of biomass, agricultural waste (such as bagasse,) municipal waste and other
fuels, where the system includes an energy extraction subsystem, a
separation subsystem, a heat exchange subsystem, a heat transfer subsystem
and a condensing subsystem, where the system forms a lean stream and a rich
stream from a fully condensed incoming working fluid stream, vaporizes the
lean and a rich streams from heat derived directly or indirectly from a
heat source stream, converts thermal from the lean and rich streams to a
usable form of energy forming a spent outgoing working fluid stream and
condensing the outgoing working fluid stream to from the incoming working
fluid stream and to methods for converting vaporizing a lean stream and a
rich stream and extracting energy therefrom. 2. Description of the Related
Art [0004] Currently, the most efficient biomass fueled power plants have
an overall plant efficiency of up to 20%, i.e., the net power output of
these plants is up to 20% of the LHV (Lower Heating Value) of the combusted
fuel. To achieve this level of efficiency, current biomass power plants
require a very complicated combustion system which is comprised of a
gasifier and a charcombustor, and a power train that uses both a gas
turbine and a steam power system, consequently, such systems are quite
expensive. [0005] Thus, there is a need in the art for a more efficient and
simpler system for combusting a fuel such as biomass and converting a
higher portion of its Lower Heating Value of the combusted fuel in to
usable energy such as electricity. SUMMARY OF THE INVENTION [0006] The
present invention provides a cascade power system including two interacting
cycles. One cycle utilizes arich working fluid having ahigher concentration
of a low boiling component, and another cycle utilizes a lean working fluid
having a lower concentration of the low boiling component, where the system
is designed on amodular principle, and can be embodied in several variants
which may or may not include certain modular units or components. [0007]
The present invention provides a cascade power system including an energy
extraction subsystem, a separation subsystem, a heat exchange subsystem, a
heat transfer subsystem and a condensation subsystem. The system produces a
lean stream cycle and a rich stream cycle. In the lean stream cycle, a lean
stream is produced from an incoming stream in the separation subsystem,
vaporized in the heat exchange subsystem, and a portion of thermal energy
is extracted in a lean stream portion of the energy extraction subsystem
from the vaporized lean stream. In the rich stream cycle, a rich stream is
produced from an incoming stream, vaporized 



in the heat exchange subsystem and a portion of thermal energy is extracted
in a rich stream portion of the energy extraction subsystem from the
vaporized rich stream. The spent rich stream from the rich stream portion
of the energy extraction system is than condensed in the condensing unit
and returned as the incoming stream. The system forms a continuous
thermodynamic energy conversion cycle including two interacting subcycles.
[0008] The present invention also provides a cascade power system including
an energy extraction subsystem having a rich stream extraction subsystem
and a lean stream extraction subsystem, a separation subsystem, a heat
exchange subsystem, a heat transfer subsystem and a condensing subsystem.
The system forms a lean stream and a rich stream from a fully condensed
incoming working fluid stream, vaporizes the lean and a rich streams from
heat derived directly or indirectly from an external heat source stream,
preferably an external hot flue gas stream, converts a portion of thermal
energy in the lean and rich streams to a usable form of energy to form a
spent outgoing working fluid stream, and condensing the outgoing working
fluid stream to from the incoming working fluid stream, where the system
supports a thermodynamic energy extraction cycle including two interacting
subcycles.[0009] The present invention provides a cascade power system
including an energy extraction subsystem, a separation subsystem, a heat
exchange subsystem, a heat transfer subsystem and a condensing subsystem,
where the system supports a thermodynamic energy extraction cycle. The
energy extraction subsystem includes a lean stream turbine, at least one
rich stream turbine and at least two throttle control valves, where the
lean stream turbine is adapted to extract energy from a lean stream, where
the rich stream turbine is adapted to extract from a rich stream and where
the first throttle control valve adjusts a pressure of a rich stream to
that of a pressure of the rich stream turbine, where a second throttle
control valve adjusts a pressure of the lean stream to a pressure of the
lean stream turbine and optionally a third throttle control valve adjusts a
pressure of an optional rich substream to apressure of a leaner stream. The
separation subsystem includes a scrubber, a separator and three pumps,
where the separation subsystem is adapted to form a lean stream and a
make-up stream having a composition the same or substantially the same as
an incoming working fluid stream. The heat exchange subsystem includes at
least four heat exchangers adapted to vaporize the rich stream and heat or
partially vaporized the lean stream. The heat transfer subsystem includes a
heat transfer fluid, a heat transfer fluid pump and two heat exchangers,
where the heat transfer subsystem is adapted to transfer heat from a hot
flue gas stream to the heat transfer subsystem and then to transfer the
absorbed heat of the heat transfer subsystem to the lean stream to vaporize
the lean stream. The condensation subsystem is adapted to
afullycondensedthe spentworking fluid stream and canbe anycondensation
subsystem. [0010] The present invention provides a method including mixing
a fully condensed incoming work fluid stream with a pressurized cooled
mixed stream, where the incoming stream and the mixed stream have the same
or substantially the same composition to form a cooled working fluid
stream. The cooled working fluid stream is then brought into a heat
exchange relationship with a mixed stream to form the cooled mixed stream
and a heated working fluid stream. The heated working fluid stream is then
brought into a heat exchange relationship with a first portion of a cooled
spent lean stream to from a hotter working fluid stream and a cooler spent
lean stream. The hotter working fluid stream' is then brought into a heat
exchange relationship with a spent lean stream to form a fully vaporized
working fluid stream. A first portion of the folly vaporized working fluid
stream is then pressure adjusted and forwarded to the rich stream turbine,
where the working fluid stream is a rich stream relative to the lean
stream. The folly vaporized working fluid stream is then forwarded to the
rich stream turbine converting a portion of the thermal energy in the folly
vaporized working fluid stream into a first amount of useable form of
energy. A second portion of the folly vaporized working fluid stream is
then pressure-Aadjusted 



and mixed with a partially vaporized leaner stream to form the lean stream.
The lean stream is then brought into a heat exchange relationship with a
circulated heat transfer fluid to form a fully vaporized lean stream, where
the heat transfer fluid is heated by bringing the circulating heat transfer
fluid into a heat exchange relationship with a hot flue gas stream. The
fully vaporized lean stream is then pressure adjusted to a pressure of the
lean stream turbine and forwarded to the lean stream turbine converting a
portion of the thermal energy in the fully vaporized lean stream into a
second amount of useable from of energy. [001 1] The present invention
provides a method for efficient extraction of energy from a hot flue gas
stream including the steps of establishing two interacting vaporization and
energy extraction cycles, where one cycle utilizes a multi-component fluid
stream having a higher concentration of a low boiling component of the
multi-component fluid (a rich stream) and the other cycle utilizes a
multi-component fluid stream having a higher concentration of a high
boiling component of the multi-component fluid (a lean stream), each stream
being derived from a fully condensed incoming multi-component working
fluid. The lean and rich stream utilized in the two interacting cycles are
directly and/or indirectly vaporized by a hot external flue gas stream,
where a portion of the indirect heating occurs via a heat transfer cycle
utilizing a separately circulating heat transfer fluid to heat and vaporize
the lean stream. Once vaporized, a portion of the thermal energy in the
lean stream is extracted in a lean turbine and a portion of the thermal
energy in the rich stream is extracted in at least one rich turbine. The
spent lean stream is used to heat and vaporize the rich stream and is
forwarded to a scrubber and separator designed to form the lean stream and
to supplement the rich stream. The spent rich stream is forwarded to a
condensation unit, where it is fully condensed to form the incoming stream.
[0012] The invention can be better understood with reference to the
following detailed description together withthe appended illustrative
drawings in which like elements are numbered the same: [0013] Figure 1
depicts a block diagram of a preferred embodiment, Variant Ia, of a cascade
power system of this invention; [0014] Figure 2 depicts a block diagram of
a simple condenser; [0015] Figure 3 depicts a block diagram of another
preferred embodiment, Variant IaI, of a cascade power system of this
invention; [0016] Figure 4 depicts a block diagram of another preferred
embodiment, Variant 2a, of a cascade power system of this invention; [0017]
Figure 5 depicts a block diagram of another preferred embodiment, Variant
2al, of acascade power system of this invention; [0018] Figure 6 depicts a
block diagram of another preferred embodiment, Variant Ib, of a cascade
power system of this invention; [0019] Figure 7 depicts a block diagram of
another preferred embodiment, Variant 2b, of a cascade power system of this
invention; [0020] Figure 8 depicts a block diagram of another preferred
embodiment, Variant Ic, of a cascade power system of this invention; [0021]
Figure 9 depicts a block diagram of another preferred embodiment, Variant
2c, of a cascade power system of this invention; [0022] Figure 10 depicts a
block diagram of a preferred embodiment of CTCSS Variant Ia of a
condensation and thermal compression subsystems; [0023] Figure 11 depicts a
block diagram of another preferred embodiment of CTCSS Variant Ib of a
condensation and thermal compression subsystems; [0024] Figure 12 depicts a
block diagram of a preferred embodiment of CTCSS Variant 2a of a
condensation and thermal compression subsystems; 



[0025] Figure 13 depicts a block diagram of a preferred embodiment of CTCSS
Variant 2b of a condensation and thermal compression subsystems; [0026]
Figure 14 depicts a block diagram of a preferred embodiment of CTCSS
Variant 3a of a condensation and thermal compression subsystems; [0027]
Figure 15 depicts a block diagram of a preferred embodiment of CTCSS
Variant 3b of a condensation and thermal compression subsystems; [0028]
Figure 16 depicts a block diagram of a preferred embodiment of CTCSS
Variant 4a of a condensation and thermal compression subsystems; [0029]
Figure 17 depicts ablock diagram of apreferred embodiment of CTCSS Variant
4b of a condensation and thermal compression subsystems; [0030] Figure 18
depicts a block diagram of apreferred embodiment of CTCSS Variant 5a of a
condensation and thermal compression subsystems; [0031] Figure 19 depicts
ablock diagram of apreferred embodiment of CTCSS Variant 5b of a
condensation and thermal compression subsystems; [0032] Figure 20 depicts a
block diagram of a new preferred embodiment, Variant 3a, of a cascade power
system of this invention; [0033] Figure 21 depicts a block diagram of
another preferred embodiment, Variant 4a, of a cascade power system of this
invention;[0034] Figure 22 depicts a block diagram of another preferred
embodiment, Variant 3b, of a cascade power system of this invention; [0035]
Figure 23 depicts a block diagram of another preferred embodiment, Variant
4b, of a cascade power system of this invention; [0036] Figure 24 depicts a
block diagram of another preferred embodiment, Variant 3c, of a cascade
power system of this invention; [0037] Figure 25 depicts a block diagram of
another preferred embodiment, Variant 4c, of a cascade power system of this
invention; [0038] Figure 26 depicts a block diagram of another preferred
embodiment of a cascade power system of this invention; [0039] Figure 27
depicts a block diagram of another preferred embodiment of a cascade power
system of this invention; and [0040] Figure 28 depicts a block diagram of
another preferred embodiment of a cascade power system of this invention.
DETAILED DESCRIPTION OF THE INVENTION [0041] The inventor has found that a
new system for extracting usable energy from a source of combustion gases
with higher efficiency the known systems. The preferred system of this
invention have at least a 30% improvement over a known prior art system.
The inventor has also found that the new system is ideally suited for
extracting the heat produced in the combustion of a fuels preferably low
heat value fuels such as biomass, agricultural waste (such as bagasse,)
municipal waste and other low heat value fuels. Preferably, the combustion
is carried out in fluidized bed combustors or combustion zone. The term
biomass is used herein to refer to all low heat value fuels, but, of
course, the systems of this invention can also be used with other fuels
including high heat value fuels such as coal, oil or natural gas. [0042]
The present invention broadly relates to a power system including two
interacting thermodynamic different working fluid cycles and a heat
transfer cycle. One working fluid cycle utilizes a rich working fluid
stream, a stream having a higher concentration of a low boiling component
of a multi-component fluid, while the other working fluid cycle utilizes a
lean working fluid stream, a fluid stream having a lower concentration of
the low boiling component. The cycles are adapted to be fully vaporized by
absorbing thermal energy directly and/or 



indirectly from a hot flue gas stream and the convert a portion of their
thermal energy into a usable form of energy in separation energy conversion
subsystems. The system also includes a heat transfer cycle adapted to
indirectly transfer thermal energy from the hot flue gas stream tovaporize
the lean stream prior to energy extraction. The rich stream is vaporized by
thermal energy derived from the lean stream and streams derived thereform.
[0043] The present invention broadly relates to a cascade power system
including an energy extraction subsystem, a separation subsystem, a heat
exchange subsystem, a heat transfer subsystem and a condensation subsystem.
The system produces a lean stream cycle and a rich stream cycle, hi the
lean stream cycle, a lean stream is produced from an incoming stream in the
separation subsystem, vaporized in the heat exchange subsystem, and
aportion of thermal energy is extracted in a lean stream portion of the
energy extraction subsystem from the vaporized lean stream, hi the rich
stream cycle, a rich stream is produced from an incoming stream, vaporized
in the heat exchange subsystem and a portion of thermal energy is extracted
in a rich stream portion of the energy extraction subsystem from the
vaporized rich stream. The spent rich stream from the rich stream portion
of the energy extraction system is than condensed in the condensing unit
and returned as the incoming stream. The system forms a continuous
thermodynamic energy conversion cycle including two interacting subcycles.
[0044] The present invention broadly relates to a method including mixing a
fully condensed incoming work fluid stream with a pressurized cooled mixed
stream, where the incoming stream and the mixed stream have the same or
substantially the same composition to form a cooled working fluid stream.
The cooled working fluid stream is then brought into a heat exchange
relationship with a mixed stream to form the cooled mixed stream and a
heated working fluid stream. The heated working fluid stream is then
brought into a heat exchange relationship with a first portion of a cooled
spent lean stream to from a hotter working fluid stream and a cooler spent
lean stream. The hotter working fluid stream is then brought into a heat
exchange relationship with a spent lean stream to form a fully vaporized
working fluid stream. A first portion of the fully vaporized working fluid
stream is then pressure adjusted and forwarded to the rich stream turbine,
where the working fluid stream is a rich stream relative to the lean
stream. The fully vaporized working fluid stream is then forwarded to the
rich stream turbine converting a portion of the thermal energy in the fully
vaporized working fluid stream into a first amount of useable form of
energy. A second portion of the fully vaporized working fluid stream is
then pressure adjusted and mixed with a partially vaporized leaner stream
to form the lean stream. The lean stream is then brought into a heat
exchange relationship with a circulated heat transfer fluid to form a fully
vaporized lean stream, where the heat transfer fluid is heated by bringing
the circulating heat transfer fluid into a heat exchange relationship with
a hot flue gas stream. The fully vaporized lean stream is then pressure
adjusted to a pressure of the lean streamturbine and forwarded to the lean
stream turbine converting a portion of the thermal energy in the fully
vaporized lean stream into a second amount of useable from of energy.
[0045] The present invention broadly relates to a method for efficient
extraction of energy from a hot flue gas stream including the steps of
establishing two interacting vaporization and energy extraction cycles,
where one cycle utilizes a multi-component fluid stream having a higher
concentration of a low boiling component of the multi-component fluid (a
rich stream) and the other cycle utilizes a multi-component fluid stream
having a higher concentration of a high boiling component of the
multi-component fluid (a lean stream), each stream being derived from a
fully condensed incoming multi-component working fluid. The lean and rich
stream utilized in the two interacting cycles are directly and/or
indirectly vaporized by a hot external flue gas stream, where a portion of
the indirect heating occurs via a heat transfer cycle utilizing a
separately circulating heat transfer fluid to heat and vaporize the lean
stream. Once vaporized, a portion of the thermal energy in the lean stream
is extracted in a lean turbine and a portion of 



the thermal energy in the rich stream is extracted in at least one rich
turbine. The spent lean stream is used to heat and vaporize the rich stream
and is forwarded to a scrubber and separator designed to form the lean
stream and to supplement the rich stream. The spent rich stream is
forwarded to a condensation unit, where it is fully condensed to form the
incoming stream. [0046] The preferred embodiments of the system of this
invention are high efficiency systems and high efficiency methods that
preferably utilize heat produced in a single stage fluidized bed combustor
or combustion zone, but can use heat produced by any method that generates
a hot flue gas effluent stream. [0047] The system of this invention uses as
its working fluid including a mixture of at least two components, where the
components have different normal boiling temperatures. That is the working
fluid is a multi-component fluid including at least one higher boiling
component and at least one lower boiling component, i a two component
working fluid, the higher boiling component is often referred to simply as
the high boiling component, while the lower boiling component is often
referred to simply as the lowboiling component. A composition of
themulticomponent working fluid is varied throughout the system with
energybeing extracted from arich working fluid and a lean working fluid,
where rich means that the fluid has a higher concentration of the low
boiling component than the in-coming working fluid and lean means that the
fluid has a lower concentration of the low boiling component than the
in-coming working fluid. [0048] The working fluid used in the systems of
this inventions is a multi-component fluid thatcotnprises a lower boiling
point material - the low boiling component - and a higher boiling point
material - the high boiling component. Preferred working fluids include,
without limitation, an ammonia-water mixture, a mixture of two or more
hydrocarbons, a mixture of two or more freons, a mixture of hydrocarbons
and freons, or the like. In general, the fluid can comprise mixtures of any
number of compounds with favorable thermodynamic characteristics and
solubilities. In a particularly preferred embodiment, the fluid comprises a
mixture of water and ammonia. [0049] Suitable heat transfer fluids include,
without limitation, metal fluids such as lithium, sodium, or other metal
used as high temperature heat transfer fluids, synthetic or naturally
derived high temperature hydrocarbon heat transfer fluids, silicon high
temperature heat transfer fluids or any other heat transfer fluid suitable
for use with hot flue gas effluent stream from fuel combustion furnaces,
where the fuel includes biomass, agricultural waste (such as bagasse,)
municipal waste, nuclear, coal, oil, natural gas and other fuels. [0050]
The system of this invention comprises two interacting cycles. One cycle
utilizes a rich working fluid having a higher concentration of the low
boiling component, and the other cycle utilizes a lean working fluid having
a lower concentration of the low boiling component. [0051] The system of
this invention is designed on a modular principle, and can be embodied in
several variants which may or may not include certain modular units or
components. Preferred Embodiments [0052] A preferred embodiment of the
power system of the present invention is presented in Figure 1. The system
shown in Figure 1 may operate with a simple condenser as shown in Figure 2
or may operate with a Condensation Thermal Compression Sub Systems (CTCSS)
including a CTCSS described in a co-pending application file simultaneously
via express mail label number EV 510 916550 filed concurrently with this
application, incorporated by reference and set forth in Figures 10-19,
herein. [0053] One preferred embodiment of the system of this invention is
the embodiment shown in Figure 1 is designated Variant Ia, and operates as
follows. A rich working liquid stream, a stream having a high concentration
of the low-boiling component SlOO having parameters as at 



a point 29 enters the system from either a simple condenser of Figure 2 or
a Condensation Thermal Compression Subsystem (CTCSS) of Figures 10-19. The
stream SlOO exits the condenser or CTCSS at a high pressure and having a
temperature close to ambient. Thereafter, the stream SlOO having the
parameters as at the point 29 is mixed with a stream Sl 02 of working fluid
having at parameters as at a point 92. Usually the pressure of the stream
S102 at point 92is equal to the pressure of the stream SlOO at point 29,
and the composition of the stream S102 at point 92 is the same or similar
to the composition of the stream S102 at point 29. As a result of this
mixing, a stream S104 having parameters as at a point 91 is formed.
Thereafter, the stream Sl 04 having the parameters as at the point 91
passes through a first heat exchanger HEl 1, where it is heated in
counterflow in a first heat exchange process by a condensing stream S106 of
rich working fluid having parameters as at a point 95, forming a stream
S108 having parameters as at a point 101, where a temperature of the stream
S108 is sufficient to bring the fluid close to a state of saturated liquid.
[0054] The stream S106 of rich working fluid having the parameters as at
the point 95 passes through the first heat exchanger HEl 1, where it is
cooled and fully condensed, releasing heat for the first heat exchange
process, forming a stream SIlO having parameters as at a point 98.
Thereafter, the fully condensed stream SIlO having the parameters as at the
point 98 enters into a first circulating pump PlO, where it is pumped to a
high pressure equal to the pressure of the stream SlOO having the
parameters as at the point 29, forming the stream S102 having the
parameters as at the point 92. The stream Sl 02 having the parameters as at
the point 92 is mixed with the stream SlOO having the parameters as at the
point 29, forming the stream S104 having the parameters as at the point 91
as described above. [0055] Meanwhile, the stream S108 having the parameters
as at the point 101 is divided into two substreams Sl 12 and Sl 14 having
parameters as at points 104 and 106, respectively. The stream having S114
having the parameters as at the point 106 passes through a ninth heat
exchanger HE20, where it is heated and vaporized in counterflow in a ninth
heat exchange process by a steam S116 of flue gas having initial parameters
as at a point 602 and final parameters as at a point 603 as described
below, forming a stream S118 having parameters as at a point 302,
corresponding, or close to, a state of saturated vapor, where close to
means that the parameters of the stream are within about 5% of being in a
state of saturated vapor. [0056] The stream Sl 12 having the parameters as
at the point 104 passes through a second heat exchanger HE12, where it is
heated and vaporized in counterflow in a second heat exchange process by a
stream S120 of condensing working fluid having parameters as at a point
206, forming a stream S122 having parameters as at a point 304,
corresponding or close to a state of saturated vapor, where close to means
that the parameters of the stream are within about 5% of being in a state
of saturated vapor. [0057] Thereafter, the streams S118 and S122 having the
parameters as at the points 302 and 304, respectively, are combined to form
a vapor stream S124 having parameters as at apoint 300.The vapor stream
S124 having the parameters as at the point 300 is then divided into two
substreams S126 and S128 having parameters as at points 321 and 322,
respectively. The stream S126 having the parameters as at the point 321
then passes through a third heat exchanger HE13, where it is heated in
counterflow in a third heat exchange by a lean working fluid stream S130
having parameters as at a 316, forming a stream S132 having parameters as
at point 320. The stream S128 having the parameters as at the point 322
passes through an intercooler HE16, where it is heated in counterflow in a
sixth heat exchange process by a rich working fluid stream S134 having
parameters as at a point 412, forming a stream S136 having parameters as at
apoint 323. The stream S134 having the parameters as at the point 323 is
then mixed with the stream S132 having the parameters as at the point 320,
forming a rich working fluid stream S138 having parameters as at a point
301. 



[0058] The lean working fluid stream S130 having the parameters as at the
point 316 exiting a low concentration turbine LCT as described below,
passes through the third heat exchanger HE13, where it is cooled, releasing
heat in the third heat exchange process as describe above, forming the
stream S140 having parameters as at a point 205, corresponding or close to
a state of saturated vapor, where close to means that the parameters of the
stream are within about 5% of being in a state of saturated vapor. The
pressure of the lean working fluid stream S140 at point 205 is
substantially lower than a pressure of the rich working fluid stream S124
at point 300, but because the stream S140 having the parameters as at the
point 205 has a substantially lower concentration of the low boiling
component, it starts to condense at a temperature of the stream S140 at
point 205, which is higher than a temperature of the fully vaporized, rich
working fluid stream S124 having the parameters as at the point 300, which
has a substantially higher pressure. [0059] The returning lean working
fluid stream S140 having the parameters as at the point 205 is then divided
into two substreams S120 and S142 having parameters as at points 206 and
207, respectively. The stream S120 having the parameters as at the point
206 passes through the second heat exchanger HE12 where it is partially
condensed in the second heat exchangeprocess to form a stream S144 having
parameters as at a point 108, releasing heat to the stream S114 having the
parameters as at the point 104 as described above. [0060] Thereafter, the
lean working fluid stream S144 having the parameters as at the point 108 is
combined with a vapor stream S146 having parameters as at a point 109,
forming a combined vapor-liquid mixed stream S148 having parameters as at a
point 110. A composition of the stream S146 has an even higher
concentration of the low boiling component than the rich working fluid
stream S124 having the parameters as at the point 300. The stream S148
havingthe parameters as at the point 110 then enters into a separator SlO,
where it is separated into saturated vapor stream S150 having parameters as
at a point 111, and saturated liquid stream S152 having parameters as at a
point 112. The liquid stream S152 having parameters as at point 112 is then
divided into two substreams S154 and S156 having parameters as at points
113 and 114, respectively. [0061] Thereafter, the stream S156 having the
parameters as at the point 114 is combined with the vapor stream Sl
50having the parameters as at the point 111, forming the stream Sl 06
having the parameters as at the point 95, which has a composition equal or
close to the composition of rich working fluid stream S124 having the
parameters as at the point 300. The stream S106 having the parameters as at
the point 95 is then sent into the first heat exchanger HEIl, where it is
fully condensed, forming the stream SIlO having the parameters as at the
point 98, and provides heat for the first heat exchange process as
described above. [0062] The liquid stream S154 having the parameters as at
the point 113 enters into a second circulating pump PIl, where it is pumped
to a pressure sufficient to lift it to a top of a scrubber SC2, which is a
direct contact heat / mass exchanger, forming a stream Sl 58 having
parameters as at a point 105. Upon reaching to the top of the scrubber SC2,
stream S158 having the parameters as at the point 105 obtains parameters as
at a point 102, and then enters the top of the scrubber SC2. The lean vapor
stream S142 having the parameters as at the point 207 as describe above,
enters a lower site of the scrubber SC2. As a result of mass and heat
transfer between streams S158 and S142 having the parameters as at the
point 102 and 207, respectively, a hot and lean liquid stream S160 having
parameters as at a point 103 is collected at a bottom of the scrubber SC2.
Meanwhile, the cooled and rich vapor stream S146 having the parameters as
at the point 109, is formed at a upper site of the scrubber SC2. The liquid
stream S160 having the parameters as at the point 103 is in a state of
saturated liquid which is close to equilibrium with the vapor stream S142
having the parameters as at the point 207, whereas the vapor stream S146
having the parameters as at the point 109 is in a state of a saturated
vapor close to equilibrium 



with the liquid stream S158 having the parameters as at the point 102. The
vapor stream S146 having the parameters as at the point 109 is combined
with the stream Sl 44 having the parameters as at the point 108, forming
the stream Sl 48 having the parameters as at the point 110 as described
above. [0063] The liquid stream S160 having the parameters as at the point
103 enters into a second circulating pump P12, where it is pumped to a
necessary high pressure, forming a stream S162 having parameters as at a
point 203. The composition of the liquid streams Sl 60 and Sl 62 at
thepoints 103 and 203 are substantially leaner than the lean working fluid
streams S140, S120, S144 and S142. [0064] The rich working fluid stream
S138 having the parameters as at the point 301 as described above, is then
separated into two substreams S164 and S166 having parameters as at points
307 and 309, respectively. The weight flow rate of the stream S166 at point
309 is equal to the weight flow rate of rich working fluids stream SlOO
entering the system at the point 29 from the CTCSS, whereas the flow rate
of the stream S164 at point 307 is equal to the weight flow rate of the
stream Sl 06 at the point 95. Alternatively, as shown in Figure 3
illustrating Variant IaI, the stream S138 having the parameters as at the
point 301 is not split into two substreams and instead all of stream Sl 38
is vaporized and forwarded to the throttle control valve TVIl. To correct
the composition of the stream S130 having parameters as at the point 316,
the stream S134 having parameters as at the point 412 is split into two
substreams S192 and S194 having parameters as at points 337 and 338,
respectively. The stream S192 is forwarded to the heat exchanger HE16
emerging as the stream S180 having the parameters as at the point 413. The
stream S194 having the parameters as at the point 338 is then mixed with
the stream S130 having the parameters as at the point 316 forming a stream
S196 having parameters as at a point 339 which is then forwarded to the
heat exchanger HE13 emergy as the stream S126 having the parameters as at
the point 321. [0065] The stream Sl 64 having the parameters as at the
point 307 passes through a third throttle valve TV12, forming a stream S168
having parameters as at a point 306. The subcooled liquid stream Sl 62
having the parameters as at the point 203 as describe above, passes through
a seventh heat exchanger HEl 7, where it is heated and fully vaporized in
counterflow in a seventh heat exchange process by the stream S116 of flue
gas having initial parameter as at the point 601 and final parameters as at
the point 602 as described below, forming a stream S170 having parameters
as at a point 303, corresponding, or close to, a state of saturated vapor,
where close to means that the parameters of the stream are within about 5%
of being in a state of saturated vapor. [0066] Thereafter, the stream Sl 70
having the parameters as at the point 303 is combined with the stream Sl 68
having the parameters as at the point 306, forming a stream Sl 72 having
parameters as at apoint 308. The composition and mass flow rate of stream
S172 at the point 308 is the same as the composition and mass flow rate of
stream S140 at the point 205 as described above, where the composition
comprises the lean working fluid. [0067] The rich working fluid stream S166
having the parameters as at the point 309 passesthrough a fifth heat
exchanger HE15, where it is heated in counterflow in a fifth heat exchange
step by a stream S174a of a high temperature heat transfer agent having
initial parameters as at a point 501 and final parameters as at a point 502
as described below, forming a stream S176 having parameters as at point a
409. Thereafter, the stream S176 having the parameters as at the point 409
passes through an admission valve TVIl, forming a rich working fluid stream
S178 having parameters as at a point 410, and enters into a high pressure
turbine HPT, where it expands, producing power, and becomes the stream S134
having the parameters as at the point 412. Thereafter, the stream S134
having the parameters as at the point 412 passes through the sixth heat
exchanger HE16, where it is cooled, releasing heat in the sixth heat
exchange process, 



forming a stream S180 having parameters as at a point 413. The rich working
fluid stream S180 having the parameters as at the point 413 enters into the
low pressure turbine LPT, where it expands, producing power, and becomes a
stream S182 having parameters as at apoint 138. The stream S182 having
parameters as at point 138, which in the preferred embodiment shall be in,
or close to a state of saturated vapor and is then sent into the CTCSS.
[0068] The lean working fluid stream S172 having the parameters as at the
point 308 passes through a fourth heat exchanger HE14, where it is heated
in counterflow in a fourth heat exchange process by a stream S174b of the
high temperature heat transfer agent having initial parameters as at a
point 503 and final parameters as at a point 504 as described below,
forming a stream S184 having parameters as at a point 408. The stream S184
having the parameters as at the point 408 passes through a second admission
valve TVlO, forming a lean working fluid stream Sl 86 having parameters as
at a point 411, and enters into the low concentration working solution
turbine LCT as described above, where it is expanded, producing power, and
becomes the stream S130 having the parameters as at the point 316. The
stream S130 having the parameters as at the point 316 then passes through
the third heat exchanger HE13, where it is cooled, releasing heat for the
third heat exchange process, forming the stream S140 having the parameters
as at the point 205 as describe above. [0069] If a pressure of the
low-concentration working fluid stream S186 having the parameters as at the
point 411 at an inlet to the low concentration working fluid turbine LCT as
described above, is equal to a pressure of the rich working fluid stream
S178 having the parameters as at the point 410 at an inlet to the high
pressure turbine HPT, then the pressure of stream 307 does not change when
it passes through the third throttle valve TV12, and thus the parameters of
the stream S168 at the point 306 are the same as the parameters of the
stream S164 at the point 307. [0070] The acquisition of heat by the system
of this invention occurs mostly in the superheaterheat exchangers HE14 and
HE15, where the working fluid is superheated. In the process of
superheating, the film heat transfer coefficient inside the heat exchanger
tubes is relatively low, and as a result, if these tubes were to be
directly exposed to hot flue gas, then they would be overheated and would
suffer severe damage. Therefore, a heat transfer process from the stream
S116 of flue gas to the stream S174 of the high temperature heat transfer
agent is implemented. Thus, the stream S174 of hot flue gas from the
combustion zone or combustion reactor, having initial parameters as at a
point 600 passes through a furnace heat exchanger or eighth heat exchanger
F/HE19, where it is cooled, and obtains final parameters as at the point
601, transferring heat to the stream S174 of the high temperature heat
transfer agent having initial parameters as at a point 509 and final
parameters as at a point 500 as described below. Thereafter, the stream
S174 having the parameters as at the point 500 is divided into the two
substreams S174a and S174b having parameters as at the points 501 and 503,
respectively. [0071] The high temperature heat transfer agent can be liquid
metals, molten salts, or other well known substances. In the tables that
follow, the high temperature heat transfer agent is referred to as THERM.
[0072] After the streams S174b and S174a transfer heat in the fourth and
fifth heat exchangers HE14 and HE15 to the streams S166 and S172, the
streams S174a and S174b having the parameters as at the points 502 and 504
are combined, reforming the stream S174 having parameters as at a point
505. The stream S174 having the parameters as at the point 505 enters into
a therm circulating pump PT, where it is pumped to an increased pressure
sufficient to provide for a desired circulation rate of the high
temperature heat transfer agent, changing the parameters of the stream Sl
74 to the parameters as at the point 509. [0073] The stream S116 of flue
gas having the parameters as at the point 601 exiting from the furnace heat
exchanger F/HE19 as described above, has been cooled to a moderate
temperature, 



and is used further to transfer heat to the stream S162 and S114 in the
seventh and fourth heat exchange processes in heat exchangers HEl 7 and
HE20 as described above. The stream Sl 16 of flue gas may be further cooled
in a CTCSS that is more complex than a simple condenser, providing more
complete utilization of available heat from the flue gas stream Sl 16.
[0074] A flow diagram of a simple condenser for use in the system of this
invention is shown in Figure 2, and operates as follows. The rich working
fluid stream Sl 82 having the parameters as at the point 138 passes through
a Condenser, where it is cooled and fully condensed in counterflow with a
stream S188 of cooling water or air having initial parameters as at a point
51 at an inlet of the Condenser and final parameters as at a point 52 at an
outlet of the Condenser,forming a stream S190 having parameters as at a
point 27, corresponding to a state of saturated liquid. Thereafter, the
fully condensed, rich working fluid stream S190 having the parameters as at
the point 27 is pumped by a feed pump PF, to a required high pressure,
forming the stream SlOO having the parameters as the point 29, which is
sent back into the system. [0075] The inventor has performed computations
for Variant Ia, where hot air was used as the heat source, instead of flue
gas. This was done for purposes of generalization because flue gas may have
different compositions in different systems. One experienced in the art can
easily substitute flue gas for air in the computations. For the purposes of
these computations, the specific heat capacity of the high temperature,
heat transfer agent, THERM has been set equal to 1. Substituting the actual
heat capacity of any specific high temperature, heat transfer agent would
change only a weight flow rate of the agent in the high temperature fluid
subsystem. One experienced in the art can easily make and calculate such a
substitution. [0076] The parameters of all key points of the Variant Ia of
the system of this invention, with a simple condenser, are presented in
Table 1. TABLE l Parameters of the Streams associated with Key Operating
PointsHIGH SPEED AND LOW POWER SRAM MACRO ARCHITECTURE AND METHOD
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[0005] This invention pertains generally to semiconductor logic circuits,
and more particularly, to low power static random access memory circuits.2.
Description of Related Art [0006] Static Random Access Memory (SRAM) is a
form of electronic data storage which retains data as long as power is
supplied. Static RAMs are widely utilized within all manner of electronic
devices, and are particularly wellsuited for use in portable or hand-held
applications, as well as in high performance device applications. In
portable or hand-held device applications, such as cell phones, SRAMs
provide stable data retention without support circuits, thus keeping
complexity low while providing robust data retention. [0007] However, as
the transistor has been scaled down due to advancements in process
technology the leakage current of turned-off transistors has increased
significantly. Therefore, static power consumption due to leakage current
represents a larger portion of total power consumption and becomes a
serious issue in VLSI (Very Large Scale Integration) design. Among existing
techniques for reducing leakage is the use of power and/or ground source
transistors for supplying power to portions of the device, such as an
output stage, (i.e., driver, or drivers), as shown in FIG. 1 and FIG. 2.
The source transistors are turned off to switch off the power and/or ground
to the output stage to thus significantly reduce leakage current. The use
of source transistors provides a practical method for suppressing leakage
current. In an operating mode such as standby mode, source transistors are
turned off while they are turned on in normal operating mode. [0008] Yet
some issues should be considered carefully when designs are implemented
utilizing source transistors in this manner so as not to induce problems
such as speed degradation, excessive power consumption, safe maintenance of
data information, and so forth. [0009] It should be noted that in designs
implemented with source transistors, when the chip operating mode is
changed from standby mode (where source transistors are turned off) to
normal operating mode, the source transistors can be subject to malfunction
because of unsettled power and ground potentials.[0010] Another design
issue with the use of source transistors is a result of frequently
switching the source transistors, thus turning them off for insufficient
periods of time to provide a power savings. As a consequence of charging
and discharging the gate capacitance of the large source transistors
significant power is unnecessarily consumed. [0011] These shortcomings
arise within SRAM circuits and to a lesser extent within other memory
circuits and more generally within numerous integrated circuits containing
digital logic elements. [0012] Accordingly a need exists for a system and
method of reducing static power consumption in digital circuitry, such as
SRAM, without compromising data or operational integrity. These needs and
others are met within the present invention, which overcomes the
deficiencies of previously developed leakage suppression methods and
circuits. BRIEF SUMMARY OF THE INVENTION [0013] A method and apparatus are
described for creating high speed and low power logic circuits, and more
particularly memory devices such as static 



random access memory (SRAM). By way of example a macro architecture is
described which provides reduced standby and operating power consumption
per cell for any given access speed within SRAM devices. The novel
circuitry is applicable to numerous digital logic containing integrated
circuits and can be configured with: (1) an early-enable source transistor
means to assure proper circuit operation despite switching between
standby/idle and normal modes, (2) a late-disable source transistor means
to assure proper low-power circuit operation despite switching between
normal and standby/idle modes, (3) extending the time period of the
late-disable to reduce switching power consumption, and/or (4) a VSB
reverse-biasing scheme to reduce cell current leakage. The invention can be
practiced with the inventive elements utilized separately, or in
combination with what is described herein and what is known to one of
ordinary skill in the art, without departing from the teachings of the
present invention. [0014] The circuits and methods provide reduced leakage
operation while maintaining proper device operation. When the inventive
aspects are appliedto SRAM memory device circuits the area of the memory
can be reduced by about 20%, memory speed increased by about 25% and the
leakage current reduced by about one order of magnitude. [0015] The present
invention is described as a method and circuitry for controlling leakage
within an integrated circuit containing a logic circuit and output driver.
One embodiment is drawn to a macro architecture that is duplicated within
each of the cells of a memory device, such as a static random access
memory. [0016] It has been appreciated in arriving at the present invention
that, when using source transistors to control the power being sourced, it
would be preferable to activate the source transistor, or transistors,
prior to reaching normal operation, such as a memory access or a logic
operation. Accordingly, the power and ground potentials of the transistors
of a logic circuit, such as MPL1 1, MNL1 1, MPL12 and MNL12 in FIG. 1 and 2
, should be settled before the chip enters normal operating mode. [0017]
The invention is amenable to being embodied in a number of ways, including
but not limited to the following descriptions. [0018] One embodiment of the
invention can be generally described as a circuit for controlling source
transistors within an integrated circuit device, comprising: (a) at least
one source transistor, power or ground or combination of power and ground,
configured for selectively supplying power to an integrated circuit device
having logic transistors; and (2) means for modulating the state of said
source transistor in response to changes in the operating mode of the
integrated circuit device to turn on said source transistor prior to
turning on the logic transistors. [0019] The logic transistors can comprise
a latch (i.e., a portion of a memory), an output stage, and so forth. The
source transistor supplies power to an output stage, or a latch, or a
combination of latch and output stage within the integrated circuit. The
means for modulating the state of the source transistor comprises a circuit
configured for receiving a selection signal and communicating the selection
signal through a first path delay to the source transistors prior to
communicating the selection signal through a second pathdelay to the logic
transistors; wherein the first path delay is less than the 



second path delay for stabilizing source power prior to activating the
logic transistors. The selection signal can comprise a chip select or block
select signal. [0020] According to one implementation the means for
modulating the state of the source transistor comprises a circuit
configured for using the timing difference between asynchronous and
synchronous signals to activate said source transistors prior to the logic
transistors of the device. The asynchronous signal is configured for
arrival prior to the synchronous signal in response to a positive device
setup time. According to one implementation the asynchronous signal
comprises a chip select signal or block select signal, and the synchronous
signal comprises a clock signal or a signal synchronized with the clock.
The asynchronous signal can be utilized according to the invention for
modulating the state of source transistors for a first logic group, and the
synchronous signal is adapted for modulating the state of source
transistors for a second, or any subsequent, logic group. [0021] According
to one implementation the means for modulating the state of the source
transistor, comprises a circuit for controlling the source power between a
low-power non-active voltage level and a voltage level sufficient to
support normal device activity. In one implementation the circuit comprises
an error amplifier whose output level is controlled by a reference voltage,
and whose activity state is determined by a device selection signal, or
block selection signal. [0022] In one embodiment a means is provided in the
circuit for maintaining the source transistor in an on condition for a
period of time after the logic transistors are turned off. In a preferred
embodiment the period of time is sufficient to provide additional power
savings by limiting the unnecessarily frequent switching of the source
transistors between on and off. The means for maintaining the source
transistor in an on condition, can comprise a circuit configured for
activating the source transistor upon receiving an active selection signal,
and for delaying the deactivation of the source transistor for a desired
period of time after the selection signal returns inactive. In
oneembodiment the selection signal can comprise a chip select or block
select signal. [0023] One embodiment of the invention can be generally
described as a circuit controlling source transistors within an integrated
circuit device, comprising: (a) at least one source transistor, power or
ground or combination of power and ground, configured for selectively
supplying power to an integrated circuit device having logic transistors;
and (b) means for modulating the state of the source transistor in response
to changes in the operating mode of the integrated circuit device to turn
on the source transistor and maintain the source transistor in the on state
for a period of time (delay period) after the logic transistor is turned
off. According to one implementation the delay period is set at a
sufficient duration for the application to reduce power consumption and
prevent unnecessary dissipation such as arising from too frequent charging
and discharging of the gate capacitances of the source transistors. [0024]
One embodiment of the invention can be generally described as a circuit for
controlling source voltage within an integrated circuit device, 



comprising: (a) a latch circuit having at least two logic transistors
coupled for retaining a binary state which can be accessed for reading or
writing in an access mode; (b) at least one source connection, either power
or ground, through which a virtual source potential can be maintained; and
(c) a means for driving the source connection from a low-power non-active
voltage level to a normal access voltage level, configured for supporting
normal device read and write access, prior to accessing the logic
transistors. [0025] In one embodiment the low-power non-active mode
comprises a standby or idle mode implemented with or without data
retention. In one embodiment the latch comprises: (a) at least two CMOS
inverters in which the output of the first inverter is connected to the
input of the second inverter; (b) the output of the second inverter is
connected to the input of the second inverter; (c) the sources of the PMOS
transistors of the first and second inverter are connected to a given first
node; and (d) the sources of the NMOS transistors of the first and second
inverter are connected to a given secondnode. In one mode of this
embodiment the source connection is coupled to the first or second node,
and wherein an alternate node, first or second, is coupled to a power
source or a power source transistor, or is connected to a ground source or
a ground source transistor. [0026] According to one implementation the
means for driving the source connection is configured for varying the
voltage potential of the first node in response to integrated circuit
operating mode. According to one implementation the means for driving the
source connection can comprise an amplifier (e.g., error detection,
differential, comparator, and so forth) configured for controlling the
voltage potential of the source connection in response to receiving a
reference voltage. In a preferred feature the reference voltage is
dynamically or statically programmed. [0027] According to one
implementation of the above embodiment a first access path is connected to
the output of the first inverter, or a second access path is connected to
the output of the second inverter, or a first and second access path are
connected to the output of the first and second inverter, respectively.
According to one implementation of the above embodiment the access path is
controlled by address selection circuitry which turns off the access path
irrespective of address information changes when operating in at least one
mode which is not a normal access mode (i.e., power down, idle, and so
forth). According to one implementation the access path is turned off when
there is no address change after a given period of time has elapsed.
According to one implementation the source connections are controlled
according to the state of the access path. [0028] In one embodiment,
additional latch circuitry is included which is configured for storing
address information when the access path is turned off, and for recovering
address information from this latch when the access path gate is turned on.
[0029] One embodiment of the invention can be generally described as a
method of controlling low-power operations in an integrated circuit device,
comprising: (a) detecting a first selection signal; (b) activating source
transistors for supplying power to an output stage, latch, or combination
oflatch with output stage within the integrate circuit, in response to
receipt of the first selection signal; and (c) activating logic transistors
within the integrated 



circuit after activating the source transistors; (d) wherein a sufficient
delay is provided between activating the source transistors and activating
the logic transistors to stabilize power from the source transistors. One
embodiment further comprises deactivating the source transistors within the
integrated circuit after deactivating the logic transistors. According to
one implementation a sufficient delay period is provided between
deactivating the logic transistors and deactivating the source transistors
to prevent loss of power stabilization while the circuit is active.
According to one implementation a sufficient delay period is introduced
between the deactivation of the logic transistors and the source
transistors to reduce operating power losses arising from frequent
switching of the source transistors on and off. [0030] One embodiment of
the invention is a high speed and low power SRAM macro architecture having
early-enable late-disabled source transistor control circuitry. According
to one implementation the circuitry can include means for disabling the
source transistor with some delay to avoid extra power consumption due to
frequent transitions in standby mode. According to one implementation the
circuitry can incorporate includes means for fast and instant enabling of
the source transistor by a chip selection signal in active mode. According
to one implementation the circuitry includes reverse bias means for
boosting a virtual source node by approximately 0.1 volts to 0.2 volts in
standby mode. According to one implementation the circuitry includes means
for early-enable of the source transistor with timing margin in active
cycle. According to one implementation the circuitry includes means for
latedisable of the source transistor after delay. In one mode of this
embodiment, the delay period of the late-disable means is of sufficient
length to prevent additional power from being consumed in response to the
charging and discharging of the gate capacitance. [0031] One embodiment of
the invention is a high speed and low power SRAM macro architecture for
controlling a source transistor, comprising means for disabling the source
transistor after a given delay to avoid extra powerconsumption due to
frequent power transition in standby mode; and means for fast and instant
enabling of the source transistor by a chip selection signal in active
mode. According to one implementation a means is provided for boosting a
virtual source node by approximately 0.1 volts to 0.2 volts in standby
mode. [0032] One embodiment of the invention is a high speed and low power
SRAM macro architecture for controlling a source transistor, comprising
means for early-enable of the source transistor with timing margin in
active cycle; and means for late-disable of the source transistor after
delay. According to one implementation a means are also provided for
boosting a virtual source node by approximately 0.1 volts to 0.2 volts in
standby mode. [0033] One embodiment of the invention is a method for
controlling a source transistor for high speed and low power SRAM
operation, comprising providing for disabling the source transistor with
some delay to avoid extra power consumption due to frequent transition in
standby mode; and providing fast and instant enabling of the source
transistor by a chip selection signal in active mode. According to one
implementation the reverse bias is provided to boost a virtual source node
by approximately 0.1 volts to 0.2 volts in standby 



mode. [0034] One embodiment of the invention is a method for controlling a
source transistor for high speed and low power SRAM operation, comprising
earlyenable of the source transistor with timing margin in active cycle;
and latedisable of the source transistor after delay. According to one
implementation the reverse bias is provided for boosting a virtual source
node by approximately 0.1 volts to 0.2 volts in standby mode. [0035]
Described within the teachings of the present invention are a number of
inventive aspects, including but not necessarily limited to the following.
[0036] An aspect of the invention is that of providing low leakage logic
circuit operation in response to modulating source transistor state [0037]
Another aspect of the invention is that of providing low leakage control
circuits and methods which can be utilized on digital integrated circuits
including logic, memory, static memory, dynamic memory, and so forth.[0038]
Another aspect of the invention is providing a high-speed low-power SRAM
macro architecture. [0039] Another aspect of the invention is an SRAM
architecture in which source transistors are disabled responsive to a delay
to prevent additional power consumption. [0040] Another aspect of the
invention is an SRAM architecture in which the source transistor, or
transistors, is activated prior to the circuit entering normal operating
mode. [0041] Another aspect of the invention is an SRAM architecture
providing reverse biasing of the virtual source nodes. [0042] Another
aspect of the invention is a logic circuit having power and/or ground
source transistors that are controlled according to different operating
modes. [0043] Another aspect of the invention is a logic circuit having
power and/or ground source transistors that are controlled by the same
inputs but which are subject to different path delays. [0044] Another
aspect of the invention is a logic circuit having an input signal which is
a chip disable signal or block disable signal. [0045] Another aspect of the
invention is a logic circuit in which the input signal is chip disable
signal or block disable signal. [0046] Another aspect of the invention is a
logic circuit in which the source transistor control signal is subject to a
longer path delay. [0047] Another aspect of the invention is a logic
circuit in which the source transistor, or transistors, is turned off by
using the timing difference between asynchronous and synchronous signals.
[0048] Another aspect of the invention is a logic circuit in which the
source transistors are controlled in response to the asynchronous signals
arriving earlier than the synchronous signal (i.e., has a positive setup
time). [0049] Another aspect of the invention is a logic circuit in which
the asynchronous signal is a chip disable signal or block disable signal.
[0050] Another aspect of the invention is a logic circuit in which the
synchronous signal is a clock signal or a signal synchronized with a
clocksignal. [0051] Another aspect of the invention is a logic circuit in
which if there are more than one source transistor (or one set of source
transistors), the source 



transistors are grouped such that the first group is controlled by the
first asynchronous signal and the second group is controlled by the first
synchronous signal. [0052] Another aspect of the invention is a logic
circuit having a first asynchronous signal arriving earlier than the first
synchronous signal. [0053] Another aspect of the invention is a logic
circuit containing two CMOS inverters in which the output of the first
inverter is connected to the input of the second inverter, and the output
of the second inverter is connected to the input of the second inverter,
and the sources of the first and second inverters' PMOS transistors are
connected to a certain first node, and the sources of the first and second
inverters' NMOS transistors are connected to a certain second node, and a
power or power source transistor is connected to the first node, and a
ground or ground source transistor is connected to the second node. [0054]
Another aspect of the invention is a CMOS logic circuit in which the
potential of the first node varies in response to operating mode. [0055]
Another aspect of the invention is a CMOS logic circuit wherein the
potential of the first node is lower than in normal mode while in a mode
other than normal operating mode. [0056] Another aspect of the invention is
a CMOS logic circuit in which modes other than normal access mode include
standby or idle mode which are implemented either with or without data
retention. [0057] Another aspect of the invention is a CMOS logic circuit
in which the potential of the second node varies in response to operating
mode. [0058] Another aspect of the invention is a CMOS logic circuit in
which the potential of the second node is higher than in normal mode while
in modes other than the normal mode. [0059] Another aspect of the invention
is a CMOS logic circuit in which the power source transistor is PMOS, NMOS,
or a combination of PMOS andNMOS transistors. [0060] Another aspect of the
invention is a CMOS logic circuit in which the ground source transistor is
PMOS, NMOS, or a combination of PMOS and NMOS transistors. [0061] Another
aspect of the invention is a CMOS logic circuit in which the gate potential
of the power source transistor is varied in response to the operating mode.
[0062] Another aspect of the invention is a CMOS logic circuit wherein the
gate potential of the NMOS power source transistor is higher than the
potential in normal access mode. [0063] Another aspect of the invention is
a CMOS logic circuit wherein the gate potential of the NMOS power source
transistor is equal to or less than the level or a certain level less than
that of normal mode while in modes other than normal access mode. [0064]
Another aspect of the invention is a CMOS logic circuit wherein the modes
other than normal access mode include standby or idle mode with or without
data retention. [0065] Another aspect of the invention is a CMOS logic
circuit in which the gate potential of the PMOS ground source transistor is
lower than ground level 



in normal access mode. [0066] Another aspect of the invention is a CMOS
logic circuit wherein the gate potential of the PMOS ground source
transistor is equal to or higher than ground level or a certain level
higher than that of normal mode while the circuit is in modes other than
normal access mode. [0067] Another aspect of the invention is a CMOS logic
circuit wherein the modes other than normal access mode include standby or
idle mode with or without data retention. [0068] Another aspect of the
invention is a CMOS logic circuit wherein the gate potential of the NMOS
power source transistor is controlled by a reference voltage and an error
detection amplifier. [0069] Another aspect of the invention is a CMOS logic
circuit having a reference voltage which is either dynamically or
statically programmed.[0070] Another aspect of the invention is a CMOS
logic circuit wherein the gate potential of the PMOS power source
transistor is controlled so that the potential of the first node is lower
than that of normal access mode, while in modes other than normal access
mode. [0071] Another aspect of the invention is a CMOS logic circuit
wherein the gate potential of the PMOS power source transistor is higher
than in normal access mode. [0072] Another aspect of the invention is a
CMOS logic circuit in which the gate potential of the PMOS power source
transistor is controlled by a reference voltage and an error detection
amplifier. [0073] Another aspect of the invention is a CMOS logic circuit
in which the gate potential of the NMOS power source transistor is
controlled by a reference voltage and an error detection amplifier. [0074]
A still further aspect of the invention is to provide methods of reducing
static power consumption which can be implemented using conventional
integrated circuit fabrication techniques. [0075] Further aspects of the
invention will be brought out in the following portions of the
specification, wherein the detailed description is for the purpose of fully
disclosing preferred embodiments of the invention without placing
limitations thereon. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWING(S) [0076] The invention will be more fully understood by reference
to the following drawings which are for illustrative purposes only: [0077]
FIG. 1 is a schematic of a conventional MTCMOS circuit having ground and
source transistors for reducing standby leakage. [0078] FIG. 2 is a
schematic of a conventional self-reverse biasing circuit having ground and
source transistors for reducing standby leakage. [0079] FIG. 3 is a
schematic of a CMOS latch circuit having ground and source transistors for
reducing standby leakage. [0080] FIG. 4 is a schematic of a circuit using
source transistors according to an aspect of the present invention, shown
providing a combination of earlyenable and late-disable of the source
transistors. [0081] FIG. 5 is a timing diagram of the circuit shown in FIG.
3 according to an aspect of the present invention. [0082] FIG. 6 is a
schematic of a circuit using source transistors according to 



an aspect of the present invention, shown using an NMOS ground source
transistor. [0083] FIG. 7 is a schematic of a circuit using source
transistor grouping according to an aspect of the present invention,
showing two groups of logic being controlled. DETAILED DESCRIPTION OF THE
INVENTION [0084] Referring more specifically to the drawings, for
illustrative purposes the present invention is embodied in the apparatus
generally shown in FIG. 3 through FIG. 7. It will be appreciated that the
apparatus may vary as to configuration and as to details of the parts, and
that the method may vary as to the specific steps and sequence, without
departing from the basic concepts as disclosed herein. [0085] FIG. 3
illustrates one aspect of the invention in which source transistors are
utilized for modulating the power supplied to a conventional CMOS latch.
When the source transistors are active, the latch can store and maintain
data information. Problems can arise, however, when turning off the source
transistors because in many applications it is desirable that the latch
should maintain the data bit as long as power is supplied to the device.
The present invention describes methods and circuits for controlling the
state of the source transistors in latches, memories, and logic circuits in
general. [0086] One of the principles of the present invention is that
early enabling of source transistors is beneficial toward avoiding logic
circuit malfunction. The teachings herein describe embodiments and methods
to provide early enabling of the source transistors and other related
methods. In certain embodiments different delays are provided, such as in
the signal and circuit path, as well as the use of different control
signals, and so forth. [0087] FIG. 4 illustrates by way of example an
embodiment in which the address path has a different signal delay, with
FIG. 5 depicting the signaltiming. [0088] Considering the circuit of FIG. 4
, it is assumed that inverter INV31 is subject to high leakage currents as
it is typically much larger than the devices internal to the integrated
circuit. A power source transistor MPS31 is added to a PMOS source
transistor of INV31 to suppress leakage current. It should be appreciated
that an embodiment can be created with the NMOS source transistor as shown
in FIG.2 (MNS12). When a chip selection signal (CS) is enabled (low
enabling signal as depicted in FIG. 5) node A goes low and activates (turns
on) source transistor MPS31 . [0089] The chip selection signal has another
path to enable address buffers to receive addresses (ABUF). Received
addresses are pre-decoded and node C goes to high after some time delay. A
precharge signal (PPRE) is disabled before node C goes to high to eliminate
a static current path. When all gate signals of MNL31 , MNL32 and MNL33
become high, node D is discharged and goes to low. The low potential of
node D turns on the PMOS transistor of INV31 and makes the output node
(OUT31) become high. [0090] It should be noted that before node D goes low
and turns on the PMOS transistor of INV31, the power line of INV31 should
be settled and therefore, the power source transistor MPS31 must be turned
on before node D goes low. In this circuit implementation, since the power
source transistor, MPS31 , 



is controlled and enabled by using the same signal but subject to different
signal delay (i.e., short signal delay), MPS31 can be turned on earlier so
as not to cause any malfunction of inverter circuit, INV31 . As shown in
FIG. 5, there is a timing margin (TM 1) between signal A and signal C to
control the source transistor properly. [0091] Another method described
herein for controlling source transistor activity is utilizing different
forms of signals on the chip. For example, some asynchronous signals such
as chip selection (CS) enter the chip before the clock with set-up time
margin. Therefore, information associated with the early arrival of an
asynchronous signal, such as chip select, can be used to turn on the source
transistor even though other inputs, such as addresses, are captured at a
rising or a falling edge of a synchronous signal, such as theclock. [0092]
FIG. 4 and FIG. 5 also show a method of preventing unnecessary enabling and
disabling of the power source transistors. It will be noted that undue
power can be consumed when the circuit enables and disables the power
transistors too frequently, which may arise for example when the source
transistors are deactivated between sequential accesses. Additional power
is consumed in response to the too frequent deactivation in response to
charging and discharging of the input capacitors. [0093] To overcome this
shortcoming, an aspect of the invention provides for disabling of the
source transistors after some delay even though a disable signal is
activated (i.e., chip select gone inactive). In the example embodiment of
FIG. 4 , even though the chip selection signal (CS) goes high, the
potential of node A goes high after a desired signal delay, (i.e., 100
microseconds) such as in response to a delay circuit (marked 'Delay1in FIG.
4) or other means of introducing a sufficient signal delay to assure power
stability from the source transistors. In this given instance the
sufficient delay assures that the source transistor(s) remain on for a
short period after the chip select signal returns inactive. Only during a
period of relative inactivity, as determined by the delay, does the source
transistor get switched back off, thus reducing the power loss associated
with capacitive charging and discharging. [0094] It should be appreciated
that since the source transistor is of a size that allows it to supply
sufficient current to logic circuits, the power consumption due to charging
and discharging of its gate capacitance can be a significant factor.
Therefore, the use of the delay assures that the chip is virtually in
standby mode since CS hasn't gone low for the delay period as a condition
of switching off the source transistor. [0095] The delay can be generated
in any desired manner, whether static, programmable or less preferably in
response to variables or receipt of other signals, and the like. It will be
appreciated that the optimum duration of the delay depends on the circuit,
its application and use, so as to minimize power consumption. One aspect of
the present invention provides a programmabledelay period toward allowing
the user to optimize their specific implementation. By way of example, the
delay can be programmed by means of blowing fuses. [0096] In another aspect
of the invention leakage current can be reduced in a latch circuit, such as
a conventional CMOS latch, to add source transistors 



and control without introducing a speed delay. FIG. 3 described a CMOS
latch with an NMOS power source transistor and PMOS ground source
transistor. When data stored in the CMOS latch does not need to be
maintained then the source transistors, such as MNS2 and MPS2 in the
example, can be switched off to eliminate leakage paths. [0097] However, in
the case where data stored on the CMOS latch should be maintained, then the
source transistors cannot be switched off. In accord with this aspect of
the invention the gate potentials of NMOS and PMOS source transistors (MNS2
and MPS2) can be controlled to provide different voltage levels than those
present during normal operation. By way of example, the gate potential of
NMOS source transistor (MNS2) can be changed from a boosted voltage which
is greater than VDD (>VDD) to a voltage at VDD, (=VDD) and the gate
potential PMOS source transistor (MPS2) can also be changed from a boosted
voltage lower than Vss (<Vss) to Vss (=Vss). Therefore, potential levels of
(Virtual Voltag NNx) WDD2 and VVss2 become VDD -Vtn (MNS2) and Vtp (MPS2),
respectively, where V n (MNS2) and Vtp (MPS2) are threshold voltages of
MNS2 and MPS2, respectively. The changed potential levels of WDD2 and VVss2
can increase threshold voltages of CMOS latch transistors. For example, a
bulk-to-source voltage of MPL21 and MPL22 is lowered by Vtn (MNS2) and a
source-to-bulk voltage of MNL21 and MNL22 is increased by Vtp (MPS2),
respectively. Utilizing the methods of these voltage changes can result in
increased threshold voltages for CMOS latch transistors and therefore, the
leakage current flowing through the CMOS latch can be suppressed. [0098]
FIG. 6 illustrates another example embodiment of a logic circuit with NMOS
ground source transistor (MNS51) in a SRAM (Static Random Access Memory)
cell. It should be appreciated that similar circuits can be utilized
withregard to the bit line sense amplifiers of DRAM (Dynamic Random Access
Memory). In this implementation, the virtual ground potential (VVsss) can
be arbitrarily controlled by a reference voltage (VREF) and an amplifier,
such as error detection amplifier (AMP5). The ground potential is then
switched between an active and inactive logic circuit mode in response to
changes in the device mode, for example as reflected by a selection signal
such as a chip select (CS) or block select signal. The reference voltage
levels can be set by different methods such as fuse options. One advantage
of this technique is controllability of virtual ground level (VVsss). It
should be appreciated that a similar structure can be alternatively, or
additionally, implemented for controlling the virtual VDD potential to the
latch. [0099] In the CMOS latch described in FIG. 3, the virtual power and
ground levels are determined by threshold voltages of NMOS and PMOS source
transistors and are not controllable. Such levels are sensitive to chip
operating conditions like temperature, operating voltage, and so forth and
are also susceptible to fabrication process variations. For example, the
threshold voltage of MOS transistor decreases when temperature increases.
Therefore, a difference between actual and virtual power and ground levels
decreases when temperature increases. Thus, even though leakage current
becomes more serious at high temperature, leakage suppression due to effect
of threshold voltage increase becomes less. 



[00100] In contrast, this aspect of the invention provides effective
leakage suppression as represented by FIG. 6 since the virtual power and
ground levels can be controlled in response to the Vrbf level. Any of a
number of techniques can be adopted for controlling and programming
reference levels appropriately. The state of the ground source transistor
(MNS51) can be controlled by the circuit in order that it is turned on
prior to enabling of the word line (WL) to prevent access (i.e., read)
speed degradation. In addition the ground source transistor can be turned
off after a certain delay by using control signals such as chip selection
(CS) as described in relation to FIG. 4 . [00101] The level of Vref is set
for a given application in response to intended operating temperature,
voltage and circuit process characteristics. When thechip selection signal
(CS) goes to low, node A51 goes to high (or a higher voltage than VDD to
increase the current driving capability of MNS51 for faster read speed) and
turns on MNS51 . When word line (WL) goes to high, a bit line (BL or
BL-bar) is discharged according to data stored in the CMOS latch and a
normal read or other access operation can be performed. [00102] The delayed
source transistor deactivation aspect of the invention can be selectively
applied in response to the chip being idle for a sufficiently long period
of time after completing an operation. The length of the period of time can
be considered sufficient when it reduces unnecessarily turning off the
source transistor for short periods of time from which a power savings will
not accrue, or otherwise based on application and operation to reduce power
consumption compared with lesser time periods. [00103] For example, after
the memory cell is not accessed for a long time after performing a read
operation, the chip selection signal (CS) doesn't go to high and the word
line remains enabled. In this situation, since the word line is high, the
pass gate transistors MNL53 and MNL54 are turned on. Accordingly, leakage
current from a bit line load (not shown here) to the pull down transistor
(MNL51 or MNL52) of the SRAM cell is added to the leakage current of the
CMOS latch. Therefore, in this situation, after a certain delay transpires
as determined by a signal or a combination of signals, the word line level
transitions to low and information for the word line can be stored at
registers, and the ground source transistor (MNS51) is controlled to boost
a potential of virtual ground (VVsss). When a new operation starts, the
potential levels of node A52 and A53 can be refreshed and restored back to
a previous state by turning on the word line and controlling the source
transistor. [00104] The embodiment represented by FIG. 6 shows a circuit
containing two CMOS inverters in which the output of the first inverter is
connected to the input of the second inverter, and the output of the second
inverter is connected to the input of the second inverter. The sources of
the first and second inverters' PMOS transistors are connected to a certain
first node, and the sources of the first and second inverters' NMOS
transistors are connected to a certain second node. A power or power source
transistor is connected tothe first node, and a ground or ground source
transistor is connected to the second node. The first access path (e.g.,
read or write) is connected to the output of the first inverter, and/or the
second access path is connected to the output of the second inverter.
[00105] The access path in the circuit in this embodiment is preferably
controlled by the circuitry maintaining the address information, while in a
mode 



other than the normal access mode, the access path is turned off
irrespective of the address information change and the address information
is retained elsewhere. In one mode the access path is turned off when there
is no address change for a certain period. In one mode the access path is
turned off when there is no address change for a certain period, and the
address information is stored elsewhere, and the power and/or source
transistors in the circuitry controlling the access path are turned off.
[00106] In one embodiment the address information is stored elsewhere and
the access path gate can be turned off after a certain delay or in response
to a given control signal. The voltage potential of the first node is
lowered a given amount below that of normal access mode, and the voltage
potential of the second node is raised by a given level above that of
normal access mode. The access path gate is turned on by another control
signal or command, and the potential of first and second nodes are restored
to the normal access mode level. In one mode the access path gate is
controlled by circuitry which also controls power and/or ground source
transistors, wherein the source transistors are modulated in response to
the state of the access path gate. In one mode the power and/or ground
source transistors are turned off when the access path gate is turned off.
[00107] In one embodiment the circuitry contains a latch that stores the
address information when the access path gate is turned off, and the
address information is recovered from this latch when the access path gate
is turned on. In one mode, other than normal access mode, the access path
is turned off earlier than in normal mode and the address is stored
elsewhere, and when the access path gate is turned on by a certain control
signal or command the stored address information is used.[00108] FIG. 7
illustrates an example embodiment of source transistor grouping. The use of
grouping allows power to be applied in response to the circuit timing so
that overall power use can be reduced without introducing instability into
circuit operation. By way of example the embodied circuit shows the use of
asynchronous and synchronous signals for controlling source transistors in
the respective groups. It should be appreciated, however, that other
mechanisms can be utilized for controlling the source transistors
respective to group (e.g., delays, delay offsets from asynchronous and/or
synchronous signals, and the like). A first logic group is represented with
source transistors MNSG1 (power source) and MPSG1 (ground source) as
controlled by Source Control Circuit 1 in response to asynchronous
information and/or control signals. A second logic group is represented
with source transistors MNSG2 (power source) and MPSG2 (ground source) as
controlled by Source Control Circuit 2 in response to synchronous
information and/or control signals. In this simple example the first logic
group receives an input signal and generates an output which is propagated
through the second logic group. [00109] One benefit from using asynchronous
signals arriving earlier than synchronous signals is to provide for fast
activation of the source transistors and therefore provide a timing margin
for logic operation. It should be appreciated that the arrival of
asynchronous signals cannot be predicted, and further that the state of
asynchronous signals may change even when the chip 



is in idle or standby mode. [00110] For a logic group (i.e., logic group 1
in the figure) which is enabled prior to other logic groups (i.e., logic
group 2 in the figure) the state of the source transistors, such as MNSG1
and MPSG1 , are modulated by a control circuit (i.e., source control
circuit 1) subject to control from asynchronous information for fast
enabling. The arrangement of the circuit provides additional timing margin
for the second logic group, wherein the source transistors can be activated
in response to the combination of synchronous information and/or control
signals. In this example the source transistors supply power to the second
stage logic only in response to the chip commencing to perform avalid
operation. [00111] It will be appreciated that source transistors may be
grouped into more than two groups and that the method is amenable for use
with single source transistors as well as the dual power and ground source
transistors as shown. [00112] Although the description above contains many
details, these should not be construed as limiting the scope of the
invention but as merely providing illustrations of some of the presently
preferred embodiments of this invention. Therefore, it will be appreciated
that the scope of the present invention fully encompasses other embodiments
which may become obvious to those skilled in the art, and that the scope of
the present invention is accordingly to be limited by nothing other than
the appended claims, in which reference to an element in the singular is
not intended to mean "one and only one" unless explicitly so stated, but
rather "one or more." All structural and functional equivalents to the
elements of the above-described preferred embodiment that are known to
those of ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the present claims.
Moreover, it is not necessary for a device or method to address each and
every problem sought to be solved by the present invention, for it to be
encompassed by the present claims. Furthermore, no element, component, or
method step in the present disclosure is intended to be dedicated to the
public regardless of whether the element, component, or method step is
explicitly recited in the claims. No claim element herein is to be
construed under the provisions of 35 U.S.C. 112, sixth paragraph, unless
the element is expressly recited using the phrase "means for."CLAIMS What
is claimed is: 1. A circuit for controlling source transistors within an
integrated circuit device, comprising: at least one source transistor,
power or ground or combination of power and ground, configured for
selectively supplying power to logic transistors within an integrated
circuit device; and means for modulating the state of said source
transistor in response to changes in the operating mode of the integrated
circuit device to turn on said source transistor prior to turning on the
logic transistors. 2. A circuit as recited in claim 1, wherein said logic
transistors comprise a latch or an output stage. 3. A circuit as recited in
claim 1, wherein said source transistor supplies power to an output stage,
or a latch, or a combination of latch and output stage within the
integrated circuit. 



4. A circuit as recited in claim 1: wherein said means for modulating the
state of said source transistor, comprises: a circuit configured for
receiving a selection signal and communicating said selection signal
through a first path delay to said source transistors prior to
communicating said selection signal through a second path delay to the
logic transistors; and wherein said first path delay is less than said
second path delay for stabilizing source power prior to activating the
logic transistors. 5. A circuit as recited in claim 4 , wherein said
selection signal comprises a chip select or block select signal.6. A
circuit as recited in claim 1, wherein said means for modulating the state
of said source transistor, comprises a circuit configured for using the
timing difference between asynchronous and synchronous signals to activate
said source transistors prior to the logic transistors of the device. 7. A
circuit as recited in claim 6 , wherein said asynchronous signal is
configured for arrival prior to the synchronous signal in response to a
positive device setup time. 8. A circuit as recited in claim 6 , wherein
the asynchronous signal is a chip select signal or block select signal, and
the synchronous signal is a clock signal or a signal synchronized with the
clock. 9. A circuit as recited in claim 6 , wherein said asynchronous
signal is adapted for modulating the state of source transistors for a
first logic group, and said synchronous signal is adapted for modulating
the state of source transistors for a second or subsequent logic group. 10.
A circuit as recited in claim 1, wherein said means for modulating the
state of said source transistor, comprises a circuit for controlling the
source power between a low-power non-active voltage level and a voltage
level sufficient to support normal device activity. 11. A circuit as
recited in claim 10, wherein said circuit comprises an error amplifier
whose output level is controlled by a reference voltage, and whose activity
state is determined by a device selection signal or block selection signal.
12. A circuit as recited in claim 1, further comprising means for
maintaining the source transistor in an on condition for a period of time
after the logic transistors are turned off.13. A circuit as recited in
claim 12, wherein said means for maintaining said source transistor in an
on condition, comprises a circuit configured for activating the source
transistor upon receiving an active selection signal, and for delaying the
deactivation of the source transistor for a desired period of time after
the selection signal returns inactive. 14. A circuit as recited in claim
13, wherein said selection signal comprises a chip select or block select
signal. 15. A circuit for controlling source transistors within an
integrated circuit device, comprising: at least one source transistor
configured for selectively supplying power to an integrated circuit device
having logic transistors; wherein said source transistor is configured as a
power source transistor, a ground source transistor, or a combination of
both power source transistor and ground source transistor, and means for
modulating the state of said source transistor in response to 



changes in the operating mode of the integrated circuit device to turn on
said source transistor and maintain said source transistor in the on state
for a period of time after said logic transistor is turned off. 16. A
circuit for controlling source voltage within an integrated circuit device,
comprising: a latch circuit having at least two logic transistors coupled
for retaining a binary state and configured for being accessed for reading
or writing in an access mode; at least one source connection, either power
or ground, through which a virtual source potential can be maintained; and
a means for driving said source connection from a low-power non-active
voltage level to a normal access voltage level; ; wherein said normal
access voltage level is configured for supporting normal device read and
write access in the device.17. A circuit as recited in claim 16, wherein
said low-power non-active mode comprises a standby or idle mode which is
implemented with or without data retention. 18. A circuit as recited in
claim 16, wherein said latch comprises: at least two CMOS inverters in
which the output of the first inverter is connected to the input of the
second inverter, and the output of the second inverter is connected to the
input of the second inverter, and the sources of the PMOS transistors of
the first and second inverter are connected to a given first node, and the
sources of the NMOS transistors of the first and second inverter are
connected to a given second node; 19. A circuit as recited in claim 16,
wherein said source connection is coupled to said first or said second
node, and wherein an alternate node, first or second, is coupled to a power
source or a power source transistor, or is connected to a ground source or
a ground source transistor. 20. A circuit as recited in claim 16, wherein
said means for driving said source connection is configured for varying the
voltage potential of the first node in response to integrated circuit
operating mode. 2 1. A circuit as recited in claim 20: wherein said means
for driving said source connection comprises an amplifier configured for
controlling the voltage potential of said source connection in response to
receiving a reference voltage; and wherein said reference voltage is
dynamically or statically programmed. 22. A circuit as recited in claim 16,
wherein a first access path is connected to the output of the first
inverter, or a second access path is connected to the output of the second
inverter, or a first and second access path are connection to the output of
the first and second inverter, respectively.23. A circuit as recited in
claim 16, wherein said access path is controlled by address selection
circuitry which turns off said access path irrespective of the address
information change when operating in at least one mode which is not normal
access mode. 24. A circuit as recited in claim 16, wherein said access path
is turned off when there is no address change after a given period of time
has elapsed. 25. A circuit as recited in claim 16, wherein said source
connections are controlled according to the state of the access path. 26. A
circuit as recited in claim 16, further comprising latch circuitry 



configured for storing address information when the access path is turned
off, and for recovering address information from this latch when the access
path gate is turned on. 27. A method of controlling low-power operations in
an integrated circuit device, comprising: detecting a first selection
signal; activating source transistors for supplying power to an output
stage, latch, or combination of latch with output stage within the
integrate circuit, in response to receipt of said first selection signal;
and activating logic transistors within said integrated circuit after
activating said source transistors; wherein a sufficient delay is provided
between activating the source transistors and activating the logic
transistors to stabilize power from said source transistors. 28. A method
as recited in claim 27, further comprising, deactivating said source
transistors within said integrated circuit after deactivating said logic
transistors.29. A method as recited in claim 28, wherein a sufficient delay
is provided between deactivating the logic transistors and deactivating the
source transistors to prevent loss of power stabilization. 5 30. A method
as recited in claim 28, further comprising introducing a sufficient delay
period between the deactivation of the logic transistors and the source
transistors to reduce operating power losses arising from frequent
switching of the source transistors on and off. 10 


