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BIAS CIRCUITRY UTILIZING EARL' VOLTAGE CLAMP AND TRANSLII~TEAR TECHNIQUES
Backjround of the Invention 1. Field of the Invention The present invention
pertains to the field of input conditioninj circuitry with dynamic biasing.
More particularly, one embodiment of the present invention pertains to
utilizing dynamic feedback from an input si;n:~l to reduce the input si;nal
to within a desired voltage range. ?. Description of Related Art Since
advances in semiconductor fabrication techniques enable semiconductor
manufacturers to design new and improved semiconductor devices at a fast
pace, circuitry which allows such new devices to be employed in systems
utilizing older semiconductor devices may be quite advantageous. If' such
circuitry is available, system manufacturers may be able to upgrade
different components of a system without requiring a complete system
redesign. One example is microprocessor technology, where microprocessors
desi fined using new fabrication processes may be available before other
components such as chipsets are manufactured on similar processes. One
major impediment to usin; devices fabricated on older semiconductor
fabrication processes with devices fabricated on newer processes is that
the operatin~ voltage for devices fabricated using newer processes is
typically lower than the operating voltages for devices fabricated on older
processes. The diCfercnce in operating voltages is due, in part) to the
fact that individual transistors arc smaller and oxide thicknesses (e.g.,
gate oxides) are thinner. Typically, an electrical oxide (EOS) voltage is
used to specify a voltage for a process which) iC exceeded, may damage
transistors. Thus, newer processes ?enerally have lower EOS voltages than
their predecessors. While the smaller devices and thinner oxides are
generally desirable since speed is typically increased and power
dissipation is typically decreased, the ability to tolerate high voltages,
as measured by the EOS volta?e) is disadvantageously reduced. Thus) in
order to use devices fabricated on new semiconductor processes in systems
including i~e~wo~m~ I~~~~~~~q   0 2 AUG 2002 CVO 99L!3086 PCTlUS9910204.~
older devices, it may be necessary to protect the new devices from the
voltage levels at which the older devices ~cnerate signals. This protection
may be accomplished by conditionin? input sijnals (e.j.) lowering their
volta;c levels). In order to maintain system compatibility, prior art input
signal conditioning has been done both onboarc! and separately from the new
device. When onboard signal conditioning is used, a core portion of a
device may operate at a low voltage and a periphery portion may perform the
input conditioning, perhaps utilizing the core voltage and other volt;tge
supplies. The core only receives signals approximately within the core
operating voltage ran?e, so there is no problem with EOS after signals have
been conditioned in the periphery. Such onboard conditionin; may allow the
newer device to he plug-in compatible with older device, me~rnin~ that
little or no -) change is required to substitute the newer component for
the older. One prior art technique of conditionin? input sijnals involves
the use of a resistive divider circuit in conjunction with capacitors in
parallel to the resistors. With a resistive divider, a "safe" voita?e level
(i.e., one which does not exceed the semiconductor's EOS limit) may be
produced; however, the resistors and capacitors typically consume lame
amounts of silicon area and introduce undesirable delay characteristics.
Furthermore, the resistors consume static power) which is especially
undesirable in low po~er systems where devices fabricated on new
semiconductor processes are often employed. Thus) the prior art does not
provide an adequately fast and compact circuitry which can rapidly provide
signals to a device core operating at a tow volta`e when a higher voltage
signal is received. Summary A dynamic feedback bias circuit is disclosed. A
system utilizing the dynamic bias circuit includes a first bus agent and a
second bus agent. The first bus agent ;enerates a first signal having a
first voltage swing. The second bus agent has a core which operates at a
core operatin; voltage, the core operating voltage having an amplitude less
than the first voltage swing. The second bus agent has an input device
which receives the first signal from the first bus agent. The input device
of the second bus agent is biased by the dynamic feedback bias circuit to
provide a core signal with a voltage swing approximately equal to or less
than the core operating voltage. 



r   0 2 AUG 2002 WO 99/43086 Brief Description of the Figures
PCTIUS99/02044 The present invention is illustrated by catty of example and
not limitation in the figures of the accompanying drawings. Figure 1
illustrates one embodiment of a system of the present invention. Figure 2
illustrates one embodiment of the input conditioning circuit (0~ shown in
Figure 1. Figure 3 illustrates another embodiment of the input conditioning
circuit 10~ of Figure 1. Figure 4A IIIUSLraICS OI1C wily the bias volta;e
may be developed by the dynamic bias circuit and the resulting voltage
across an input device according to one embodiment of the present invention
when an input voltage varying in time from a minimum expected voltage
(Vmin) to a maximum expected voltage (Vmax) is applied. Figure 4I3
illustrates the output voltage (Vo 1 ) generated by one embodiment of the
present invention when an input voltage (Vin) is applied. Figure ~
illustrates additional details of voltage reference sources and static
current prevention devices of one embodiment of the input conditioning
circuit of the present Invcntton. Figure G illustrates an alternative
embodiment of an input conditioning circuit of the present invention.
Detailed Description The present invention provides dynamic bias circuitry
utilizing early voltage clamp and translinear technidues. In the following
description, numerous specific details such as transistor types, voltage
levels) logic partitioninj) and integration choices arc set forth in order
to provide a more thorough understanding of the present invention. It will
be appreciated, however, by one skilled in the art that the invention may
be practiced without such specific details. In other instances. control
structures and Cate level circuits have not been shown in detail in order
not to obscure the invention. Those of ordinary skill in the art, with the
included descriptions, will be able to implement the necessary logic
circuits without undue experimentation. . ;_   WO 99/4308G 0 2 AUG 2002
PCT/US99/0204.1 The dynamic bias circuitry of the present invention rnay be
used in a variety of contexts. In one embodiment, the circuitry allows a
bus agent having core operating voltage to interface with signals of higher
voltages such ;.ts input s1o11a1S for the bus went. The circuitry of the
present invention advantageously allows the use of a transistor based
dynamic feedback bias circuit to bias an input device in a manner that
avoids exceeding the EOS voltaic of the input device. Consequently, the use
of relatively large and relatively slow resistive and capacitance means of
adjusting input voltage levels may be lamely avoided. In addition, the use
of early voltage clamping techniques in some embodiments provides a rapid
response to avoid exceeding the EOS voltage of devices) receiving the input
signal. 



Furthermore, the circuitry of the present invention may he fabricated using
"native" devices for a particular process. A "native" device is a device
which generally has substantially the same characteristics (excluding
variable sizing parameters) as other devices on the same die. For example,
all native devices on a die may have substantially the same gate oxide
thickness or EOS tolerance because they are all fabricated using the same
processing steps. Some semiconductor manufacturing processes may include
specialized devices which have, for example) thicker gate oxides or other
differing characteristics because special processing is used in their
fabrication. While such non-native devices may have desirable
characteristics for applications such as input conditioning, the additional
processing complexity may be a disadvantage. Thus, the present invention
provides the additional advantage of being capable of performing input
conditioning usinj only -~ native devices which do not require special
processing steps Finally) some embodiments of the present invention reduce
static power consumption in comparison to an input conditioning circuits
utilizing resistive dividers as done in the prior art. Reduced power
consumption may be particularly advantageous in low power applications
where semiconductor devices employing new, low voltage processes are often
employed. Figure 1 illustrates one embodiment of a system utilizing the
present invention. In this system, a processor l00 interacts with a bus
~r~;ent 14U and a hus bride 150 over a host bus 13U. Other devices such as
memory and peripheral devices are typically present in such a system. In
this system, bus agents, such as the bus ..r _   o z au~ Zooz WO 99/4308G
PCT/US99/02044 agent l40 and the bus went 1 ~0 generate signals on the host
bus having a voltage swing approximately equal to a system volta;e (system
Vcc). The processor 100, on the other hand) leas a processor core 120 which
operates at a lower voltage (core Vcc) than the system volta;e. The core
Vcc (Vccc) is supplied to the core 120 on a power line 122. In some
embodiments, the processor 100 may generate the core Vcc from the system
Vcc utilizing on-chip circuitry. As illustrated, however, the system or
periphery voltage may be supplied on a separate power line l07. In order
for the processor I00 to interact with the other bus agents, signals
received on signal linen auch as signal line 112 are passed through an
input conditioning circuit 10~ prior to reaching the core 12U. The input
signal from signal line 112 is received by an input device 110 such as an
amplifier. The input device 1 10 is biased by a dynamic bias circuit 115
such that an output voltage of the input conditioning circuit lOS passed to
the core 120 on a si?nal line 114 has a voltage swing which is
approximately equal to or less than the amplitude of the core Vcc. The
output of the input conditioning circuit 10~ is approximately equal to or
less than the core Vcc in order to avoid applying a volta;e in excess of
the electrical oxide (EOS) voltage of any transistor in the core 120.
Accordin?ly, a voltage which is approximately equal to or less than the
core voltage is within the range of voltages that can be processed by the
core circuitry. It may be less than the typical core voltage swim as
transistors are often quite effective at switching in response to input
voltages in a ran;e with an amplitude less than their full operating
voltage. Additionally, circuits such as differential amplifiers may be
utilized to increase voltage swings if they are too low for core circuitry.
On the other hand, voltages input to the core may be equal to or slightly
greater than core voltage without exceeding the electrical oxide (EOS)
limit of core circuitry. Similarly, transient signal artifacts on signal
line 114 may temporarily exceed the core voltaje without maintaining a high
enough voltage for a ton; enough duration to cause electrical oxide (EOS)
damage. Thus) the input conditioning circuit can shield the core 120 from
electrical oxide (EOS) damage by providing to the core an output voltage
which is, when viewed as a whole) approximately equal to or Icss than the
core voltage. Further _; _   o z Au~ zooz WO 99/43086 PCT/US99/02044
details of the input conditioning circuit 10~ in one embodiment of the
present 



invention art illustrated in Figure 2. In the embodiment of Figure 2, an
input signal is received on an input line 202 from the sijnal line 1 12
which is connected to the host bus 130 in Figure ! . An amplifier 30~
having a gain of less than or equal to l is employed as the input device
which receives the input signal. The amplifier is also coupled to receive a
bias voltage from a bias line 23~ and is coupled to produce a first output
voltage (Vo 1 ) on a signal line 207. The output voltage produced at Vo I
reflects the input voltaje except that the input voltage may be attenuated
or clamped at certain voltage levels to maintain a voltage lOW ef10u~11 LO
aVUiCt electrical oxide of core circuitry. An output and bias level adjust
circuit 310 is coupled to receive the output voltage at Vo1 and to generate
a second output voltage (Vo2) on a signal line 212. The output and bias
level adjust circuit 210 generally adjusts and typically reduces the output
voltage at Vo l for a feedback loop. A lower voltage signal reflecting the
input signal may be desirable for use in the dynamic feedback loop iii
addition to the potential use of Vo2 in the core. A~ illustrated, the
output and bias level adjust circuit 210 produces an adjusted signal on a
signal line 2I4. The adjusted signal is adjusted in voltage level from the
output voltage on signal lime 207 but is still reflective of the input
sijnal received on signal line 202. The output bias and level adjust
circuit 310 is not necessary in embodiments where subsequent stages in the
dynamic feedback loop can accept the output signal ocnerated by the
amplifier 20~. In the illustrated embodiment, a reference select circuit
220 receives the adjusted signal from the output and bias level adjust
circuit 210 and according to that si'nal selects one or more of n voltage
supplies (Vref I-Vrefn) to assist in biasinj the bias line 23~. Since the
adjusted si;nal on signal line 214 reflects the input signal, the reference
select circuit 220 biases the bias line 23i in response to the input
signal. This dynamic feedback bias loop allows the input conditioning
circuit 10~ to avoid a voltage in excess of the EOS voltage being applied
to the amplifier 20~. The reference select circuit 320 includes a sense amp
22~ coupled to receive the adjusted signal and a selector circuit coupled
to select the output of one or more volta;e supplies. The sense amp 2?~
jenerates a reference select signal or signals over the signal lines) 227.
The reference select signal allows the selector 230 to   WO 99/4308G o Z
Au~ Zooz PCTNS99/02044 select the appropriate voltage reference source. As
illustrated, each of the voltage reference circuits provides a reference
voltaac at a reference voltaje output. For example, a first reference
voltage (Vrcf 1 ) 240 produces a first reference voltage on a first
reference voltage output 242. Similarly) a last voltage reference circuit
(Vrefn) 245 produces a references voltage at the voltage reference output
247. Thus, the input conditioning circuit of Figure 2 illustrates the use
of a dynamic feedback bias circuit to select one or more of a plurality of
voltabe supplies to bias an input device such as the amplifier 20~. As
previously noted, such a circuit may be used to condition input signals in
order to avoid EOS of subsequent circuitry. Additionally, such circuitry
may be useful in other applications. For example) in an embodiment where
the reference select circuit 22U selects one of n bias voltages, the bias
voltage on the bias line ?3~ provides << dijitizcd version of the input
sijnal. As discussed further with respect to Figure G, such a circuit may
be useful in a high-speed analog-to-digital converter. Additionally) the
dynamic feedback bias circuit may be used to bias any type of amplifier
which may be substituted for the amplifier 20~. Figure 3 illustrates an
embodiment of the input conditionin; circuit 105 which is particularly
useful in avoiding EOS of subsequent circuitry. In this embodiment one of
two voltage reference sources is selected by the selector 230 to bias the
amplifier 205 in a manner avoiding EOS of that circuit. The amplifier 20~
is formed by a n-channel transistor 42~ connected in a common ~atc
amplifier arrangement. The transistor source is coupled to the signal line
207, the gate to the bias line ?3G, and the drain to the signal line 20?
which is coupled to receive the input signal. In this embodiment, the level
adjust circuit ? 10 is formed by a pair of n channel transistors 450 and
455 which have their gate and drain terminals connected together. In this
arrangement, the dynamic range of the second output voltage (Vo2) is less
than that of Vo 1. The second output voltage i~ also passed to the sense
amplifier 225 on the signal line 214. The sense amplifier 225 is desi?ned
to switch its output signal in response to fairly limited changes in its
input. A p-channel transistor 430 havin ; its source connected to the core
Vcc and its Qate and drain terminals connected together in conjunction with
an n-channel transistor 445 having its source connected to a ground
terminal and its gate and drain terminals connected together limit the
operating range   WO 99/d3086 



0 2 AUG 2002 PCTIUS99/02094 of an inverter effectively formed by a
p-channel transistor 43~ and an n-channel transistor 440. The transistors
43i and 440 have their gates coupled to receive the adjusted signal on
signal line 21=1; however, the transistors 430 rind 44~ limit the operating
range of this inverter structure to approximately two diode drops less than
the amplitude of the core operating voltage. In this embodiment, the sense
amp 2?~ provides a single reference select signal on the signal line 227 to
the selector circuit 230. The selector circuit 230 selectab~y couples
either or both of a high voltage reference circuit 405 and a low voltage
reference circuit 410 to the bias Irne ?3~. If the reference select signal
is at a high logical level, a transistor' 420 connected as a pass gate
between low voltage reference circuit 4l0 and the bias lint ?3~ is enabled,
thus bi;rsing the bias line at the voltaje of the low voltage reference
circuit 410. Thus) a low voltage value of the input sijnal on signal line
203 causes a low bias volta;z to be applied to the bias lint 23~. Since the
output voltage of the low voltage reference circuit 410 is approximately
the minimum expected voltage of the input signal plus the EOS voltage for
the circuit, this biasing ensures that the EOS limit is not exceeded for
the transistor 42~. Similarly, if the input signal on signal line 202 is at
a hi;h signal level) the reference select signal on signal line 237 is
driven to a low volta?c value. This enables a transistor 41 ~ which is
connected as a pass ,ate between the high voltage reference circuit 405 and
the bias line 23~. Since the output voltage of the high voltage reference
circuit 40~ is approximately the maximum expected input voltage _, less the
EOS voltage for the circuit, this biasing ensures that a high input voltage
will also not dama?e the transistor 4?~. Thus, by selectably coupling one
of the two voltage reference circuits to bias the input device) transistor
425) the dynamic feedback bias circuit avoids EOS damage to the input
device. Figures 4a and 4b illustrate the operation of one embodiment of the
input conditioning circuit 10~. In Figure 4a, a voltage labeled Vinput
ranQinj from a minimum expected input voltage (Vmin) to a maximum expected
input volt~t~e (Vmax) is applied to an input of one embodiment of the input
conditioning circuit 10~ on signal line 202. Figure 4a illustrates the
resulting bias voltage on the bias line ?3~ (labeled Vbias) and the
drain-to-gate voltage of the transistor 4?~ (labeled Vdg42~). _b.   0 2 AUG
2002 WO 99I43086 PCT/US99/020~4 Initially, the bias voltage begins at the
voltage output level of the low voltage reference circuit 410 (Vrefl)
because the input signal bcin; low results in the reference select signal
on signal line 225 enabling transistor 420. As the input voltage increases,
the sense amp eventually begins to drive the reference select signal on
signal line 227 to a low voltage value, thereby disabli~i~ the transistor
420 and beginning to enable the transistor 415. A first breakpoint 490 is
shown in Figure 4a indicatinn when the transistor 420 first begins to shut
off and the transistor 41 ~ first begins to conduct. A second breakpoint
labeled 495 indicates a point where the transistor 415 is enabled, the
transistor 420 is disabled, and the t~i~h voltage reference circuit biases
the bias line 235 with its output voltage (VrcFf~). This type: of biasin;
is referred to as translinear because the linear response from breakpoint
490 to 495 is interrupted on both sides by fixed voltage reference circuits
which change the response characteristic. With this definition, many
biasing schemes which selectably couple multiple voltage references to
create a bias voltage would qualify as being translinear biasing circuits.
As a result of the bias applied to the transistor 4?5, the voltage applied
to the transistor 425 does not exceed the EOS voltage of that device:. The
biasing circuit achieves this despite the fact that the input voltage range
is more than twice the EOS voltage. Figure 4b illustrates the output of one
embodiment of the input conditionin? 



circuit 105 generated in response to an input voltage which transitions
from Vmin to Vmax and back again. As illustrated, the output voltage (Vo 1
) is scaled by clamping Vinput at a clamp level early in the transition
between Vmin and Vmax. This early clamp technique not only allows EOS
problems to be avoided in circuitry receiving the output voltage) but also
provide the output voltage transition very rapidly. For example, as
indicated in Figure 4b the time Ot indicates the difference in time between
when the output voltage achieves its maximum voltage and when the input
voltage achieves its maximum voltage. As can be clearly seen, using this
early volta;c clamp technique, the output volta?e has fully transitioned
before the input voltage Vo I has completed its transition. Thus, the input
conditioning circuit 105 may effectively have a negative propagation delay
if delays are measured using a certain percentage of the expected -9   WO
99I43086 0 2 AUG 2002 PCT/US99/020~:! total voltage transition (e.~., the
SUo point) as the measuring point. Regardless of the exact propajation
delay measurement, the input conditioning circuit 10S provides very rapid
input conditioning since as little as one transistor (transistor 42>)
separates the input from the output. As to the downward transition of input
voltage, no such potentially nejative propa~Tation delay occurs in this
ernbodiment; however, the output voltage closely tracks the input voltage
after the input voltage falls below the high reference voltage. In addition
to the hijh speed of the input conditioning circuit hein~ beneficial to
circuits reccivin~ the output voltage, the low delay throu;h the feedback
loop is also important in allowing the bias voltage to be adjusted in time
to avoid EOS of the input device) transistor 425. The rapid feedback allows
the bias to be adjusted before an EOS violation can occur. Thus, the small
delay between input and output and the relatively short feedback path arc
both advantageous for a circuit using a dynamic feedback biasing to perform
input conditioning. Fiaurc 5 illustrates details of a high voltage
reference source S?0 and a low voltage reference circuit 500 used in one
embodiment. Additionally, Fijure 5 details the use of transistors 550 and
560 to eliminate DC signal paths when a NODC# signal is applied on the
sijnal lint 555. In the embodiment of Figure 5) a transistor ~=l0 forms the
input device which receives the input signal from signal line 203 and is
biased by a bias line 514. The output of this input conditioning circuit
(Vo 1 ) is generated on the signal line 542. Three transistors, transistors
544, 546, and 54S are connected in series in diode fashion each havin; its
gate connected to its source. Below the three transistors) transistors 544,
546, and 548, a transistor 550 allows this input stack to be disconnected
from the ground terminal when a NODC# signal is asserted on the signal line
S55. Similarly) a transistor 570 disconnects the first voltage reference
500 from Vccc when the NODC# si8nal is asserted. The input for the sense
amp 2'_'S is taken from the source of the top transistor 544, thereby
providing a lar;er voltage swing to the sense amp ??5 than would be
available from the source of either transistor' S46 or 54b. As illustrated)
the sense amp 235 is configured with transistors 430-445 as previously
shown in Figure 3. 1n this -io   WO 99I43085 o z au~ zoo? PCT/US99I02044
embodiment, the sense amp ??~ is powered by the core Vcc signal (Vccc), and
the ground accordinjly is the core g round (GNDc). The sense amp 22i
generates the reference select signal on signal line 530 which, as
previously discussed, selectably couples the hijh and low voltage reference
circuits 520 and 500 to the bias line 51=1. New to this embodiment is the
transistor 



560 which drives the reference select signal to the core volta;e value when
the NODC# Slgllal is asserted on signal line 555. This prevents the output
node of the sense amp 225 from floating and creating a DC path through the
sense amp ?25. In this embodiment, the low volta?e reference circuit S00 is
a current mirror based circuit which provides a low variation output
voltage on signal line 505 which does not fluctuate with chan;es in the
core Vcc. The low voltage reference circuit 500 includes two p-channel
transistors 506 and 508, each having its source connected to the core Vce.
The gate terminals of transistors 506 and 508 are connected tojether. The
drain of the transistor 506 provides the output voltage on signal line 505
and is attached to the drain of a n-channel transistor 50=I. The source of
the n-channel transistor 50~ is connected to the core ground signal via a
resistor 502. Another nchannel transistor 510 has its source connected to
the core ground sijnal and has its gate attached to the gate of the
transistor 504. Additionally, the drain of transistor 510 is connected to
the gates of transistors 504 and ~ 10 as well as flit drain of transistor
508. This arrangement provides a low variation output voltage on signal
line 505 despite fluctuations on Vccc as long as the width to len?th ratios
of transistors 506 and 508 are equal and the width to length ratio of
transistor 504 is ~reater than that of transistor 510. Under such
conditions) the voltage on signal line 505 is a function of the
gate-to-source voltages of transistors 50~ and 5I0 as well as the value of
the resistor 502. The high voltage reference circuit 520 includes two
stacks of series p-channel transistors connected in diode fashion. The
source of transistor 522 is connected to the peripheral voltage supply line
(Vccp). The date of transistor 522 is connected to the drain of transistor
522, and transistors 524, 526. and 52S are Likewise connected in series
with their jates connected to their drains and tile last transistor)
transistor 538 having its drain connected to the periphery around signal
GNDp. The transistor S31 has its source connected to the gate of transistor
5?2 and its gate connected to its   WO 99I43086 0 2 AUG 2002
PCTlUS991020.s.s drain. Likewise, transistor 532 has its source connected
to the drain of transistor 531 and its gate and drain terminals connected.
At the drain terminal of transistor 532, the high voltage reference circuit
520 provides the output voltage which is driven onto the bias line 514 as
the pass transistor 534 is enabled by the reference select signal. Notably,
in this arrangement, the transistor 534 may remain biased such that it is
weakly on when the reference select signal is at its high voltage level and
may therefore cause some contention with the low voltage reference circuit
500. Keeping the transistor 534 weakly on preserves the bias voltage of the
high voltage reference circuit 520 and also helps reduce transient effects
which may otherwise impact the bias voltage. The transistor 512) however)
should be sized such that when transistor 512 is enabled, the low voltage
reference circuit 500 strongly dominates and the bias -~ voltage is pulled
low. Thus, in the embodiment of Ftgure 5, each voltage supply dominates in
a particular volta?e range which causes its pass transistor to be strongly
enabled. In one embodiment) the periphery voltage is 3.3V, the core voltage
is 2.0V, and the electrical oxide voltace is approximately 2V. In this
embodiment) the output of the low voltage reference circuit 500 is
approximately 1.3V) and the output of the high voltage reference circuit
520 is approximately 2.3V. With an expected minimum input voltage of -.7V
and an expected maximum input voltage of 4.3V, the circuit in Figure 5
prevents the EOS voltage from being exceeded for any of these devices. In
alternate embodiments, larger or smaller voltages may be tolerated. In an
application having a larger difference between the core Vcc and the
amplitude of the difference between the expected minimum and maximum
voltages, a traditional voltage level shifter may be used in place of the
sense amp 225 to avoid EOS problems in devices of the reference select
circuitry. Additionally) it may be advantageous to include capacitor
circuits at certain points in the embodiments of Figure 5. For example, to
place capacitors between the bias line 514 and ground, between the bias
line j14 and sijnal lint 542 (Vol). between Vccc and the output of the low
voltage reference circuit 500 (line 505), between GNDe and line 505) and
between Vcce and GNDc in the voltage reference circuit 500.   WO 99I43086 



0 7 AUG 2002 PCTIUS99102044 Figure 6 illustrates one alternate embodiment
of a dynamic feedback bias circuit. This circuit utilizes translinear
techniques involving three volta;es reference circuits. Such a circuit tray
be useful in analog-to-digital conversion. In Figure 6) the input signal is
again received on a signal line 202 and then passed to an amp 206
consistin' of ti transistor 425. Again, the level adjust circuit 210 as
discussed previously with respect to Figure 3 is used. Figure 6, however,
employs a reference select circuit 606 which differs from those previously
shown. The reference select circuit 606 includes three inverters, inverter
6l0. 616, and 6?0, which take as their input the Vo2 signal froth the level
adjust circuit 210. The output of these three inverters respectively are
coupled to the gates of three pass gates 62~, 630, and 6 36. The pass gates
arc p-channel transistors, therefore are generally enabled as a low voltage
is applied to their gags. The first voltage reference circuit is a series
combination of three p-channel transistors, transistors 640, 645) and 660
which are connected in series between Vcc and the source of the pass gate
636. Each of the transistors 640, 646, and 660 is connected with its gate
coupled to its drain. Similarly) the second voltaic source includes two
series p-channel transistors 666 and 660 connected between Vcc and the
source of the pass transistor 630. Transistors 6 and 660 are also connected
in diode fashion with their gates coupled to their drains. Finally, the
third voltage source is a sink le transistor' 670 having its source
connected to Vcc and its gate and drain connected to the source of pass
transistor 626. As an increasing input voltage is applied, the voltage at
Vo2 increases, thereby causing the voltages at the output of inverters 610)
615. and 620 to decrease. Since the source of the pass gate 625 is closest
to Vcc, any drop in the voltage of the gate 6?~ provides a lamer gate to
source voltage at the gate of transistor 626 than would be present at
either of transistors 630 and 636. Thus, at a first and lowest voltage
level of the input signal, Vref3 will bias the transistor 426 via bias line
680. At a higher voltage, the gate-to-source volta;e of transistor 630 will
be sufficient to also enable that transistor. therehy also coupling the
second voltage reference circuit to the bias line 680. Similarly, at a
third voltage level of the input signal, the transistor 636 will be enabled
thereby creatin; a third step in the voltage on the burs line 680.   WO
991J3086 0 2 AUG 2002 PCTIUS99I020J4 In effect, therefore, the bias line
680 provides a digitized version of the input sijnal. In other words, the
bias voltage (Vbias) shown in Figure 4a for this circuit would have three
discreet steps. Additional voltage reference circuits could be added if
additional steps of digitization are necessary; however) this circuit
demonstrates how a dynamic feedback bias may be used to create a fast
analog-to-digital converter. Thus, the present invention provides dynamic
bias circuitry which may be used in a variety of contexts. While certain
exemplary emhodimcnts lave been described and Shown in the accompanying
drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention) and that this
invention not be limited to the specific constructions and arrangements
shown and described, since various other modifications may occur to those
ordinarily skilled in the art upon studying this disclosure. _ta_
OEPLACEMENT SHEET 0 Z AUG 2002 What is claimed is: 1. A bus agent
comprising: an input port coupled to receive an input signal; an input
device coupled to receive the input signal and to generate an output
voltage that reflects the input signal; a sense amplifier in series with
and after the input device to receive the output voltage from the input
device and to generate a sense amplifier output signal; a feedback circuit
coupled to bias the input device at a voltage determined by the sense
amplifier 



output signal selectively coupling at least one of a first reference
circuit and a second reference circuit to the input device. 2. A circuit
comprising: a first voltage reference circuit having a first voltage
reference output; a second voltage reference circuit having a second
voltage reference output; an output and bias level adjust circuit coupled
to receive the amp output signal and to derive an adjusted input signal
from the amp output signal; a voltage reference select circuit coupled to
receive the adjusted input signal as an input signal and to selectably
couple at least one of the first voltage reference output and the second
voltage reference output to a bias voltage line based on the input signal;
and an amplification device having a bias input coupled to the bias voltage
line, an amp input coupled to receive the input signal and an amp output
for an amp output signal that reflects th a input signal. 3. The circuit of
claim 2 wherein the voltage reference select circuit comprises: a first
gate that is strongly enabled to couple the first voltage reference output
to the bias input when the input signal is in a first voltage range; and a
second gate that is strongly enabled to couple the second voltage reference
output to the bias input when the input signal is in a second voltage
range. 4. A dynamic feedback input conditioning circuit, comprising: a
output and bias level adjust circuit coupled to receive an amplified
version of an input signal and to generate an adjusted input signal; -15
REPLACEMENT SHEET 0 2 AUG 200Z a first voltage reference circuit having a
first voltage reference output; a second voltage reference circuit having a
second voltage reference output; voltage reference select circuit coupled
to receive the adjusted input signal and to selectively coupling at least
one of the first voltage reference circuit and the second voltage reference
circuit to a bias voltage line; and an amplification device having a bias
input coupled to the bias voltage line in response to the adjusted input
signal, an amp input coupled to receive the input the input signal, and an
amp output coupled to provide the amplified version of the input signal to
the output and bias level adjust circuit. A method of conditioning an input
signal, comprising: receiving the input signal via an input device;
selecting, based on the input signal, at least one of a plurality of
voltage bias sources by: 



strongly enabling a first gate coupling a first voltage supply to bias the
input device when the input voltage signal is at a high signal level;
strongly enabling a second gate coupling a second voltage supply to bias
the input device when the input voltage signal is at a low level; and
weakly enabling a first gate when the input voltage signal is at a low
level; biasing the input device using the plurality of voltage bias sources
by selecting different ones of the plurality of voltage bias sources
depending on the input signal. 6. The method of claim 5 wherein the
selecting further comprises: enabling a first gate coupling a first voltage
supply to bias the input device when the input signal is within a first
voltage range; and enabling a second gate coupling a second voltage supply
to bias the input device when the input signal is within a second voltage
range. The circuit of claim 2 wherein the first voltage reference circuit
is coupled to provide a first reference voltage at the first voltage
reference output which is approximately an electrical oxide voltage above a
minimum expected input voltage level. The circuit of claim 7 wherein the
second voltage reference circuit is coupled to provide a second reference
voltage at the second voltage reference output which is approximately an
electrical oxide voltage below a maximum expected input voltage level. - 16
REPLACEMENT SHEET 0 2 AUG 2002 9. The circuit of claim 2 wherein the first
voltage reference circuit comprises a low variation voltage supply. 10. The
circuit of claim 9 wherein the first voltage reference circuit comprises a
current mirror based voltage reference supply. 11. The circuit of claim 2
wherein the voltage reference select circuit further comprises: a sense amp
circuit coupled to receive the adjusted input signal and to generate a
reference select signal; a selector circuit coupled to receive the
reference select signal and to selectably couple the first voltage
reference output and the second voltage reference output to the bias
voltage line based on the reference select signal. 12. The circuit of claim
2 wherein the voltage reference select circuit comprises: a sense amp
circuit coupled to receive the input signal and to generate at least one
reference select 



signal based on the input signal; and a selector circuit including at least
one gate coupling each of the first voltage reference output and the second
voltage reference output to the bias voltage line. 13. The circuit of claim
2 wherein the amplification device is a unity gain common gate amplifier.
14. The circuit of claim 2 wherein the amplification device is a transistor
having a base input coupled by the voltage reference select circuit to the
bias voltage line, a source coupled to receive the input signal, and a
drain which is the amp output. 15. A circuit comprising: a first voltage
reference circuit having a first voltage reference output; a second voltage
reference circuit having a second voltage reference output; a voltage
reference select circuit coupled to receive an input signal and to
selectably couple at least one of the first voltage reference output and
the second voltage reference output to a bias voltage line based on the
input signal; and -17   REPLACEMENT SHEET 0 2 AUG 2002 an amplification
device having a bias input coupled to the bias voltage line, an amp input
coupled to receive the input signal, and an amp output for an amp output
signal that reflects the input signal; and at least one additional voltage
reference circuit, the at least one additional voltage reference circuit
having a corresponding number of additional voltage reference outputs, each
of the corresponding number of additional voltage reference outputs also
being selectably coupled to the bias voltage line based on the input
signal. 16. The circuit of claim 15 wherein each of the first voltage
reference circuit, the second voltage reference circuit, and the at least
one additional voltage reference circuit comprises one or more transistors
coupled in series, each having a transistor controlled voltage reference
select circuit. 17. The circuit of claim 16 wherein the bias voltage line
is a digitized signal output which provides a digitized version of the
input signal. 18. The circuit of claim 2 wherein the voltage reference
circuit is to selectably couple the first and the second reference voltage
outputs to the bias voltage line while the amplification device is enabled
in response to the input signal being at different voltage levels. 19. The
dynamic feedback input conditioning circuit of claim 4 wherein the voltage
reference circuit is to selectably couple the first and the second
reference voltage circuits to the bias voltage line while the amplification
device is enabled in response to input signal being at different voltage
levels. 20. The method of claim 5 wherein the selecting is based on a
conditioned version of the input signal and wherein the method further
comprises: conditioning the input signal using the input device to generate
the conditioned version of the input signal. 21. An integrated circuit
comprising: a biased input circuit to receive an input signal and a bias
voltage, the biased input circuit to generate a biased input circuit
output, which is an amplified version of the input signal; a bias voltage
select circuit to provide said bias voltage to said biased input circuit,
said bias voltage select circuit coupled to receive said biased input
circuit output and to select said bias voltage as a function of said biased
input circuit output by selectively coupling at least one of a first
reference circuit 



and a second reference circuit to the input device. -18
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