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TECHNI QUES Background of the Invention 1. Field of the Invention The
present invention pertains to the field of input conditioning circuitry
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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 designed using new fabrication processes may be
available before other components such as chipsets are manufactured on similar
processes.

One major impediment to using devices fabricated on older semiconductor
fabrication processes with devices fabricated on newer processes is that the operating
voltage for devices fabricated using newer processes is typically lower than the
operating voltages for devices fabricated on older processes. The difference in
operating voltages is due, in part, to the fact that individual transistors are 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, if exceeded, may damage
transistors. Thus, newer processes generally 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 voltage, is disadvantageously reduced. Thus, in

order to use devices fabricated on new semiconductor processes in systems including
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required to substitute the newer conponent for the ol der.
change is required to substitute the newer component for the older.
One prior art technique of conditioning input signals involves the use of a resistive
divider circuit in conjunction with capacitors in parallel to the resistors. With a
resistive divider, a “safe” voltage level (i.e, one which does not exceed the
semiconductor’s EOS limit) may be produced; however, the resistors and capacitors
typically consume large amounts of silicon area and introduce undesirable delay
characteristics. Furthermore, the resistors consume static power, which is especially
undesirable in low power 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

low voltage 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
generates a first signal having a first voltage swing. The second bus agent has a core.
which operates at a core operating 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.
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PCT/ US99/ 0204 4lynamic 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 a2 maximum expected voltage (Vmax) is
applied.

Figure 4B illustrates the output voltage (Vol) generated by one embodiment
of the present invention when an input voltage (Vin) is applied.

Figure 5 illustrates additional details of voltage reference sources and static
current prevention devices of one embodiment of the input conditioning circuit of the
present invention.

Figure 6 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 techniques. In the following description, numerous specific
details such as transistor types, voltage levels, logic partitioning, and integration
choices are 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 gate 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.
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Furthermore, the circuitry of the present invention may be 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 app]ic'ations 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 using only
native devices which do not require special processing steps

Finally, some embodiments of the present invention reduce static power
consumption in compai‘ison 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 100 interacts with a bus agent 140 and a bus
bridge 150 over a host bus 130. Other devices such as memory and peripheral devices

are typically present in such a system. In this system, bus agents, such as the bus
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110 is biased by a dynamic bias circuit 115 such that an output voltage of the input
conditioning circuit 105 passed to the core 120 on a signal 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 105 is approximately equal to or
less than the core Vcc in order to avoid applying a voltage in excess of the electrical
oxide (EOS) voltage of any transistor in the core 120. Accordingly, 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 swing as transistors are often quite effective at switching in response to input
voltages in a range 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 voltage without
maintaining a high enough voltage for a long 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 less than the core voltage. Further
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PCT1US99/ 02044  An output and bias level adjust circuit 210 is coupled to receive the output
voltage at Vol 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 Vol for a feedback loop. A lower voltage signal reflecting the input
signal may be desirable for use in the dynamic feedback loop in addition to the .
potential use of Vo2 in the core. As illustrated, the output and bias level adjust circuit
210 produces an adjusted signal on a signal line 214. The adjusted signal is adjusted
in voltage level from the output voltage on signal line 207 but is still reflective of the
input signal received on signal line 202. The output bias and level adjust circuit 210
is not necessary in embodiments where subsequent stages in the dynamic feedback
loop can accept the output signal generated by the amplifier 205.
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
signal selects one or more of n voltage supplies (Vref1-Vrefn) to assist in biasing the
bias line 235. Since the adjusted signal on signal line 214 reflects the input signal, the
reference select circuit 220 biases the bias line 235 in response to the input signal.
This dynamic feedback bias loop allows the input conditioning circuit 105 to avoid a
voltage in excess of the EOS voltage being applied to the amplifier 205.
The reference select circuit 220 includes a sense amp 225 coupled to receive
the adjusted signal and a selector circuit coupled to select the output of one or more
 voltage supplies. The sense amp 225 generates a reference select signal or signals

over the signal line(s) 227. The reference select signal allows the selector 230 to

-6-



agent 140 and the bus agent 150 generate signals on the host bus having a

vol tage sw ngoaprimyi nately equal to a system voltage (systemp¥erisos/ddoes
processor 100, on the other hand, has a processor core 120 whi ch operates

at a |l ower voltage (core Vcc) than the systemvoltage. The core Vcc (Vccce)

I's supplied to . the core 120 on _a power line 122. In sone enbodi ments, the
proce g g or 10055165} the ABPIOPHate Hioliage geference sewrce-hAs jistatedceadly of the; ypjtage

on-chi p ci r CUjdfédnce CirbditsUoVREE D re E‘E'ééegcg%zfggfatsé/ ?%Ig::éh?éo rvB{%ﬁ%eo Bﬁ%ﬁt. V@L} age

may be supplied on a separate power |1 ne n or _ rocessor
100 to inter aexamplefn fitst refercnee woltagad¥nefd) 240 grosluses 2 Giest vefdremce yolyagel orl 2 nes

105 prior fo TEAERErYE pBeRRaS ez QAR M Nb ARG R bl ()

i s recei ved bg4%iprodopesta @fsrémes $dleageactheamlage ﬁvfabh irxléei nﬂﬁput'mtﬂ. i t”lOUt I ?EVi cef
110 is biased by a nam ¢ bias cjrcuit 115 such that an output voltage o

t he i nput condi %/i oﬁ‘g‘ﬁﬁat‘ﬁn% V‘EHE (folnﬁﬁ?nﬂ&"é’&mtq; Rigire 24Hustrases the use of ydwnamic ne
114 has a vol faBackbingcirditah sbiRct MR T of bYpLGAHE of Wifdke L&;ﬁieé RPtial ?ﬁ -
anplitude of the core Vcc. The output of the i'nput “conditFoni‘ng circurt 105
i S appr oxi mat HIPpt deyiee seeh asy the amplifien 205 hAscprewiously natedyrsueh atcircaitanay be

SPOLYL 0, YOLLA0R, niBg Al yhifscheSiat I8, wih ol ST bR
equal to or | aslditidnalty,tdueh civewitry ahdyalye usefubint dther dpplicitisige For fg@itnb&??g Iaﬂi hat
AR TN N S AN RN W
response to i BRYivolasd R Hidk Bnd 25WBroVidel a_adléi%ﬂm VERG dfe(gé i@h@@ia%mﬁ' As
ull operating voltage. Additionally, circuits such as differenti:
anplifiers mafispessed %ﬂ@éﬂ'l@lde&m@rteﬁ@rvél susha ainebitgeay Ye usefyl imadighsspebdw
for core circyhhby to-Hpithl o VLR Rﬁﬁﬁﬁbnﬁ%l,ttﬂg%namic feedback bias circnit may be
used to bias any type of amplifier which may be substituted for the amplifier 205.

Figure 3 illustrates an embodiment of the input conditioning 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 205 is formed
by a n-channel transistor 425 connected in a common gate amplifier arrangement.
The transistor source is coupled to the signal line 207, the gate to the bias line 235,
and the drain to the signal line 202 which is coupled to receive the input signal.

In this embodiment, the level adjust circuit 210 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 fange of the second output voltage (Vo2)
is less than that of Vol. The second output voltage is also passed to the sense
amplifier 225 on the signal line 214.

The sense amplifier 225 is designed to switch its output signal in response to
fairly limited changes in its input. A p-channel transistor 430 having its source
connected to the core Vcc and its gate 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
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reference circuit 410 and the bias line 235 is enabled, thus b1asmg the bias hne at the

and bias |le

voltage of the low voltage reference circuit 410. Thus, a low voltage value of the

" input signal on signal line 202 causes a low bias voltage to be applied to the bias line
235. 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
425.

Similarly, if the input signal on signal line 202 is at a high signal level, the

reference select signal on signal line 227 is driven td a low voltage value. This

. enables a transistor 415 which is connected as a pass gate between the high voltage
reference circuit 405 and the bias line 235. Since the output voltage of the high
voltage reference circuit 405 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 damage the transistor 425. 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 105. In Figure 4a, a voltage labeled Vinput ranging from a
minimum expected input voltage (Vmin) to a maximum expected input voltage
(Vmax) is applied to an input of one embodiment of the input conditioning circuit 105
on signal line 202. Figure 4a illustrates the resulting bias voltage on the bias line 235
(labeled Vbias) and the drain-to-gate voltage of the transistor 425 (labeled Vdg425).
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| ower vol tage signal reflecting the input signal may be desirable for use
in the dynam c feedback loop in addition to the potential of Vo2 in the
core. As ill ustr at &jtialihdhe bias yoltagedbaginssat|the Xpltags Q}%P“td?‘feél??fhf’zlﬂ?’ }S?IE?@Eces
an adj usted S, [ | u | t in
vol t age | evel %%lrﬁe?%é‘%%ﬁt%@‘%ﬁfpg%%%gﬁ g‘?%n‘%‘fuﬂ ?%@2&71 %wl gesggf A" 88
reflective of referencegelect 51ggaladn signzatiline 825 enabilingaransisios 4202 AsTheinpyt mltagbl as
and |l evel adjust cir sary. i

subsequent st JFELBEH "H‘F\é%@%g (FVF'étgglg%iﬁglln&)tB %éﬁnglggﬂggeﬁgﬁcﬁeygg%{i SS aﬂsf)gl;lnal
generated by fgaPNREidd7eto 20w Woltdgeevalhé,Utherediyedissblingditeenansistor 42@randce
select circuit 220 receives the ad] usted signal fromthe output and bias

| evel adj ust bpglémmgtema\dﬁéleéwﬁ to that signal selects one or nore
of n vol tage supp! i/efid ieakboitf A0 showd %S Eiphrd B RiaRSliAg whBE R @inslidi 2835
Since the adjusted si gna Sl gha I ne 21 ects the 1 nput signal, the
reference sel dirst bgimsutd smEOOﬂﬁlaadethetttwsisttusﬂi figst ARginsntor easiuak e A seadnd

ci Toui t 105  SrAYBPHt ARt ATE et actoinl S pesTobyfar, AP8 or KR, B,

to the anplifiRksid@p420he disableaemmethaahgl@tvonags:wféreaéeocuowl bides the smsmearrp
225 coupled to receive the adjusted signal and a selector_circuit co Ied

to sel ect the 238tWith itypupybv aa«fdeée% TAype 9p Piasing i refered 4o as Han 2
generates a ! YeehRbff Hita? fspsisdtiim BleaRpGRAUSO RYASS i RterFuriitfibn bbikides 1527

The reference ect signa ows the selector 230 t
fixed voltage reference circuits which change the response charactenstlc 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 425, 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 conditioning
circuit 105 generated in response to an input voltage which transitions from Vmin to
Vmax and back again. As illustrated, the output voltage (Vol) 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 At 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 voltage clamp technique, the output
voltage has fully transitioned before the input voltage Vol 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

0.



WD 99/ 43086
PCT/ US99/ 02044 sel ect the appropriate voltage reference source.

i | lustrat SMQ 9943086 of t he voltage reference circuits provi dé’§1¥1U$9é’P%q4énce
voltage at a reference voltage output. For exanple, a first reference
voltage (Vrefl) 240 produces a first reference voltage on a first reference

vol t age out aﬂ@ voft2 emqﬂ(k , the 56Btpo¥ft] AHE el \ointC IRptdlest YF &en) 245

produces a referentes vo tag at the voltage reference output 247. Thus,
the input cexuit tprapagatiprcdeleyiimeastremicgtirthe Anput| eonditioning eineuitud@S @rovidesynani ¢

f eedback -bias_cir. Lllt f,

supplies to Vi 48p ﬁnl?%ﬁg?&aé@ﬁég&ggcﬁh ﬁogggﬁgfgkyé%&gorﬁzgyprpew ously
not _eg 'Esogc h?ﬁ mB\litCﬂm)rh theputpat. ugadotthe gowdwm‘cbmansnpm ofSinguavcltage, 1o shmh to
avoi of subsequent r t t |l

useful in oPPERU ng?%aé't"glcﬁ(égéﬂﬂgpn ‘%i I I"IE‘(:)“r}g1 rfn)alt lilﬁﬁgaﬁmﬁr ; &ﬂ’m‘é’?" r
reference St‘ék@ﬁ{)v&targe WidselgdPhckS 'ﬂf‘e%ﬁupﬂﬁtagé aftePHRSnp! vokagS falls hﬁldw g

vol tage on tl las Iine 235 provides a digitized version of the input
signal . As Uighoefssmde Voltageer with respect to Figure 6, such a circuit may

be useful in a hirg?%dst? ene% tﬂn%l gi-xgipegd gf ﬁie dlﬂt) ﬂ}iﬁfo}xﬁ{; cn‘?:‘gﬁi 'bE%ﬂ% %«ﬁ'c];i?l;?e

dynam c feedback Tt
whi ch may bep siﬂ&lﬁtslrécdiﬁdg fthe otitpat &tmdgef ther lo208elay-ithyough 31e| fekdiwick qus isan

enbodi nent .of ..the .in u ondlt circuit s partd.cul arl

useful in a@iﬁ?dﬁ“ﬁﬁ“ °‘§‘BS§€eqﬂ’@ﬁ§°]é?geéﬁleP§“sﬁeﬁh?ﬁi ‘8@88’%@#9?8?% of
two vol tagengﬁi BEREL CrafQStoF 835.1 “~Fh§ EﬂFfe@dban aAllows 3 Biad o belafjudied bifese t he
anplifier 205 in a nanner avoid of that circuit. The anplifi er 205

i s fornmed bgnZEQS vielationican PeHs| &mfs, tho small deley thetveen iBPE ARHONIRA aad the
207, t he gardRnR Rl fetdpc G5 ot SbusatlafBetcus Ryl Gtaluslitn Shidle) "¢
whi ch i s cotkedbackt biasiey i peefotﬁnenpmpundlsoxymgl :

Figure 5 illustrates details of a high voltage reference source 520 and a low
voltage reference c1rcu1t 500 used in one embodiment. Addltlonally, Figure 5 details
the use of transistors 550 and 560 to eliminate DC signal paths when a NODC# signal
is applied on the signal line 555.

In the embodiment of Figure 5, a transistor 540 forms the input device which

" receives the input signal from signal line 202 and is biased by a bias line 514. The

| output of this input Icon'diti_oning circuit (Vol) is generated on the signal line 542. -

Three transistors, transistors 544, 546, and 548 are connected in series in diode
fashion each _having 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 555. Similarly, a transistor 570 disconnects the first voltage reference 500

" from Vcce when the NODCH signal is asserted.

The input for the sense amp 225 is taken from the source of the top transistor
544, thereby providing a larger voltage swing to the sense amp 225 than would be
available from the source of either transistor 546 or 548. As illustrated, the sense amp

225 is configured with transistors 430-445 as previously shown in Figure 3. In this

-10-




In this enbodinent, the |level adjust circuit 210 is fornmed by a pair of n-
channel trangp §h8&ﬁ6450 and 455 which have their gate and dr apgrhRbédidad S
connect ed toget In this arrangenent, the dynam c range of the second
output voltage (Vo2) is less than that of Vol. The second output voltage is
al so passed to the sense anplifier 225 on the signal |ine 214. The sense
anpl i fi er 225embodiseingnibe sersesamp RS iis powercdhy dieqrose Vica signabbWeee)t andf ter | y

limted chang pfm nsi stor 430 having its source

connected to %E%dn@oafé ]@Saitr?éh&foqeg eaané\md‘sal n term nal s connected

t oget her i n conj uncihesensd aﬂnpeQQSngmiemwsethetneﬁarm&t seiecd 4fgnhhon rsgn'ai $ins330ce

- connected to a round termn and n conpect ed
Cogether I | mi PG 8 BERAR i ey soBcdily fpeles Hisdhigh ail Iow Voftage Tefeience

PCT[ US99/ 0204 4jrehite520 BYESOG o Bfef 1ias liHelsY4f N o Bis BmBodidsint @d tHe! BdhsistrOr

435 and an n-channel transistor 440. The transistors 435 and 440 have their

gat es coupl ed 368 whiehi dréves Hbe Feference delsc signabto dheyeare voltage2vajue tvdwavide,
h ' 45
Siructure to SQPEH SRR Skt bn il BEE 355 Tni BSRR A b (UGS S e

core operati ngemldnquas ﬂrorntﬂuaﬂngnin@chcn&mﬁaﬂ&pathdm&glﬁﬂiﬁ sérse quip22ddes a
single reference s ne 227 t05é$|e sel ect or

i naI
circuit 230. The sg g SI FB‘EW thﬁgﬁws‘@ é?)tJF 1PNES, GBFHEE 589 12 CUBEntyBiTer of
a hi gh vol t ageas&f @r@Mncehich Pﬁdmesﬁa%vmﬂla%mhqmmmlvb&ﬂge 6&&@5&1”&& 509 #Hich

410 to the bl%f | i ne 235. the reference sel ect SI? IS at a

oes not fluctuate w1th changes in the core Vcc. The Iow voltage reference circuit
-500 includes two p-channel transistors 506 and 508, each having its source connected
to the core Vcc. The gate terminals of transistors 506 and 508 are connected together.
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 504. The source of the n-channel
transistor 504 is connected to the core ground signal via a resistor 502. Another n-
channel transistor 510 has its source connected to the core ground signal 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 510 as well as the drain of transistor
508. This arrangement provides a low variation output voltage on signal line 505
despite fluctuations on Vcce as long as the width to length ratios of transistors 506
and 508 are equal and the width to length ratio of transistor 504 is greater 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 504 and 510 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 (Vccep). The gate of transistor 522 is connected to
the drain of transistor 522, and transistors 524, 526, and 528 are likewise connected in
series with their gates connected to their drains and the last transistor, transistor 528
having its drain connected to the periphery ground signal GNDp. The transistor 531

has its source connected to the gate of transistor 522 and its gate connected to its

-11-



hi gh | ogical level, a transistor 420 connected as a pass gate between | ow
voltage reference circuit 410 and the bias |line 235 is enab] V

bi asi ng t hWa#943086i ne at the voltage of the | ow voltage ref 5&@”5%9@?‘}4cuit
410. Thus, a |l ow voltage value of the input signal on signal |ine 202
causes a low bias voltage to be applied to the bias line 235. Since‘the

out put vol t Jg8n OLikdwasd, @¥nsiviol 53 Ba ief @ueseCedonaibdteditd thé Woaih ©f afRsisust 5B el y
t he m ni num expected vol tage of the input signal, plus the ECS voltage for

t Ee ci r cui t ;and ks gatsiand idryjn derminals conmgeted.n At thogirpinjprminal of Srangistog adedhs or
the transis 4 L Loy s d dant he s WelaF: H | qpivt s at
a high si gnztliféq ‘é‘é%lg?ﬁt _ gh?%{;%crugn%g sg‘flgﬁm{é iogé gf‘@(g%a%g i@]‘gfﬁlﬁriggﬂ%%qiﬁes
driven to abimiinedldayehe/pdss ransistonsSdrisbhabledby themefersmoe selad signakh i s

connected as a pass gate between th i gh val t reference chreyit 405 and
the bias line 23?“%%&:@ ﬁ%ﬁ%‘ﬁﬁ?ﬁ-\}g? g-%s‘ésclgnf ?‘Tﬁﬁ@a ir%rﬂg\r}oﬁ?g%(%&;ﬁetpgrlgncen
circuit 405 i syeally’ s wheh &hy réfBRnbeyéleat siga &€ hetls inighuvolvagetlevs dndsimay he

ECS voltage for the circuit, this biasjng ensures {hat a. hi, | nput .vol t age
will al so ndhergiormeause seme copgptionith ske Iop,yeltagg se Eﬁ"@%?‘éﬁ‘f’g%‘gu TGS oneg

of the two ypl {r?:]%?st&e ﬁﬁ@%ﬁyig}h‘glﬁéﬂ&@s e BiadSoit %ﬂ"ﬂﬁb‘thiéfPVél?a%e rbfefped St or

425, the dynam eedbac rcuit avolds EGS damage to the input
devi ce. Fi guiresit420zand alép h¢lps seduae dransientogffactst whichonay pthemwise dinpagitthef t he

I nput condi ti.oni cireuit 105. Fi qure :

rangi ng frohﬁ‘%? Yﬂqﬁﬁﬁuﬁﬁsiﬁﬁﬁlﬁt@ﬁs:‘%dﬁ 3’8‘]’ tsécg"eld%\?\r%%ﬁ? astg gh gl?a r?rgih?frirﬁ%hggdggct ed

|C gﬁgp : vol t aga 2(yeRanl ted'ig}%am {’@dagbﬁeﬁa&nwggézumféommwddlrlmi anfl théabias nput
i tioning cirecui on signal |i 202. Fi e 4da_i

resul ting biveltagels paedlow.nd th’a@ the %%Hn?ﬂt;f%gﬁg EH“’?,%: %ES%%E?GE@PHYG

drai n-to- gat @yl 88ea Phrtibiar VOIREE radgR wHil chdsBPfb pekss\ettdidfok to b8 strongly
enabled.

In one embodiment, the periphery voltage is 3.3V, the core voltage is 2.0V,
and the electrical oxide voltage 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 Vee 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 514 and signal line 542 (Vol),
between Vcce and the output of the low voltage reference circuit 500 (line 505),
between GNDc and line 505, and between Vcce and GNDc in the voltage reference

* circuit 500.

-12-



WO 99/ 43086

PCT/ US99/ Ozwgd,&hg' ally, the bias voltage begins at the vol trgrusssiopess
| evel of the Tow voltage reference circuit 410 (Vrefl) because the input

signal being lowresults in the reference select signal on signal |ine 225
enabling transistor 420, As the input voltage j.ncreases, the sense
eventual | y begi ns iguggr f\ilustrates 8?%@&?1‘3@“"3%‘8@94‘“’59[;8 12 M@‘ﬁé?@*ﬁﬁﬁ?
to a | ow vol 1 aQgiV AHE cirb e a@kks HanftitleaP Echhiguéd ANEIvEIOreéb PoltRes Reehed ng
to enable the transistor 415. A first breakpoint 490 is shown in Figure 4a

i ndi cati ng wharcuitheSechmmeirationay boussfulsin apalgere-digital Goavession. slFignge 6, the

transistor 415 f{ §i§%a1b1§gdigﬁi§ ,Iegeisgmtf%t siﬁfi’%ls‘lﬁféofﬂz gﬁ%g&%ﬂ%ﬁ&d P& %8%2 0

i ndicates a plgP‘fll ere transi st or 'S ena e transi st

i s disabl ed, ¢gisiibg dofi ghraneistoagt2st efAgaimcthecleveluadjuiti cisanst 2b@ dsi discusserk
235 with its output vqltl[aege ;Vr fh). This type of biasing is referred to as
translinear DEEHQUEYith 1esprehfo FigugohSd15¢9-om br eakpoi nt 490 to 495 is

interrupted on bot bighidlgShdWevet, eRbI¥ 4 ABren&d Se1661 Crctit 1608 iwichliftdis Eloange
the response characteristic. Wth this definition, many biasing schenes

whi ch sel ect athiose prayiguslynshaw| dheoefeaeneer sslast sifewis 608 ineludescthies, inysrters,

vol t age woul d, ' bel ng,4 r [ LASi ' i 1. f
t he bias appl nglq%rloé]%%?l? t %dg% ’o‘r%i%g;ﬂgeﬁse&égﬁ g‘ge&ggf) |g‘elgm%léﬁ%'ﬁetﬁ@%ueE °
transi stor 42&djdaeircoint16x@hedutpie oEGsy dirta gvenérstrbspeciiely ae. cobipeddivdbé ng

Choou ot e APSrelosRits KBE Jchad BAL T bt b3St 3™ ©
embodi ment  of iHeRGoretipd! ferePAlB drlaBIRNS a low voltage is applied to their gates.

The first voltage reference circuit is a series combination of three p-channel
transistors, transistors 640, 645, and 650 which are connected in series between Vcc
and the source of the pass gate 635. Each of the transistors 640, 645, and 650 is
connected with its gate coupled to its drain.

Similarly, the second voltage source includes two series p-channel transistors
655 and 660 connected between Vcc and the source of the pass transistor 630.
Transistors 655 and 660 are also connected in diode fashion with their gates coupled
to their drains. Finally, the third voltage source is a single transistor 670 having its
source connected to Vcc and its gate and drain connected to the source of pass
transistor 625.

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
625 provides a larger gate to source voltage at the gate of transistor 625 than would be
present at either of transistors 630 and 635. Thus, at a first and lowest voltage level of
the input signal, Vref3 will bias the transistor 425 via bias line 680. At a higher
voltage, the gate-to-source voltage of transistor 630 will be sufficient to also enable
that transistor, thereby also coupling the second voltage reference circuit to the bias
line 680. Similarly, at a third voltage level of the input signal, the transistor 635 will
be enabled thereby creating a third step in the voltage on the bias line 680.

-13-



circuit 105 generated in response to an input voltage which transitions
fromVmn to Vnax and back again. As illustrated, the output voltage SVO|)
is scaled BYOY4BE ng Vinput at a clanp level early in the tREASPPHH
between Vm n and Vmax. This early clanp technique not only allows ECS
problens to be avoided in circuitry receiving the output voltage, but -also
provi de the out pulp ¥fdtA8érefdra, bk bifNintes80 proides H'di%?ﬁiedev)@él_m 8f thiRSinput
indicated in Figure 4b the tine At.indicates the difterence in tine between

when the out pignalydinteter wends.cthedias woliagei(binsy shavayin Bigyrafie for this Girmpilt
vol tage achi %ﬁﬁl Beve t}%ﬁhﬂl&f&é’ﬁé 298 ddifiSndfl %ft:?% &%ﬁéﬂc’e%iﬁﬁi@s’_‘cou&&?b@ fadedl S
ec t voltage has fully

early voltage clanmp t ni-que,. .t'he out put _ transi tioned
bef ore t he i ifpadditianial aigps Vb digitizationngt eteeebsarys howavesi thiegirciih demondiatdsnput -

conditioningycircuit 105 gay, ef fectivel ave a ati,ve propagati on del ay
el ye ar BV nbal edtatk Blak Eianeiob PRRed s00 Ahike «BRRANE SR X
99/ 43086 Thus, the present invention provides dynamic bias circuitry wHi€hlinkip8€/ 02044
total voltage transition (e.g.,. the 50% point)_as the_ neasuring point.

Regar dl ess oPsadrB agnEew of copawa: Vorlerertain sheaiplarg gmbpdiments haye been
condi ti oni Ngz&d-FifLlH oW ; s N : | b QN L as
Titl e as onderotd indsbowRif i ReohPhib ieBlatitol s GRikotithd ofdif

out put. As t embbdimtotsraramdrely Hivstrativerofahdinoprestrictive anthe broadsinvéntivot andt i al | y

negative propagation_del ay. oceurs  .in.this. ' - however e out put
vol t age cl os agﬁ’t"?l Xﬁglotnﬁét B%gﬁ?é%? frggsgg%ﬁ?gggttﬂ‘g&#ﬂr?pa&? %%3&%%& alls
bel ow t he hi gioweimy desaribedpsihégearious other modifications may occur to those ordinarily

skilled in the art upon studying this disclosure.




In addition to the high speed of the input conditioning circuit being
beneficial to circuits receiving the output voltage, the | ow del rough
t he feedbacIyVPc??fﬁ:’qsg al so i nportant ﬁiég&/{}g%

i i ng_the bias voltgﬁ'g
adjusted in time to avoid ECS of trlg'ﬂﬂa imﬂ t& ,I[ransi stor 425. The
rapi d feedback al]aws the bias to b j e an ECS violation can

occur. Thus, thesHHPl delay between input and output and the relatively
short feedback paviatas Sladsddisadvant ageous for a circuit using a dynamc

f eedback biasing to performinput conditioning. Figure 5 illustrates
details of a hi g-h VO ISYHE® coBtpEisEee source 520 and a | ow vol tage reference

circuit 500 used in o gﬂ@g i it I Fi. 5 _detajls,the use
of transistors 550 angq_g 0 t%hgfti'}tg]u%@?gd &%gaﬁ%ﬁé}rstpsﬁﬁiﬁw%a “’f\‘ld%ﬁg%i gnal
is applied on the signal bwing;555. In the enbodi nent of Figure 5, a

transi stor 540 forms the ‘%@ ut devi.ce. whi ch recii ves the input signal from
signal line 202 and i £5f Sggent hgying & qorg.cappled tppperale ala CUF OPERYDNE nput

conditioning circuit (Vol yohfzedGReirkaslivbe 138 t1ndnefird vOR ingd [th
transistors, transistors 544’{42 546, andgl548 are connecl{ed ia serlF‘é’s ?%ech%de

fashi on each having its ghteageshhaingen input deviecoupled tBetasivet the firstisignal, the

npUT Stack to be di sconnabtsdicepdit st b BN Tiape ol i o gna

is asserted on the signal pravide H&dre sighali Haxirlgya seeohd aolsdgisMin® Apbrokigfagipect s

the first voltage reference 0 from Vc CV\:hgénthe g@signa IS y

asserted. The input for tﬁ%uaig%greleﬁs%m?g?q%e?mgﬁ‘&Y {#8¢he source of the

top transistor 544, thereby providing a | arger voltage swing to the sense

anp 225 than vvogjl d he available fromthe source of either transistor 546 or
T

548. As il ustrét ed; 1% HEeTpkdaigp whewin theclynamig feedback iastairenisiis canpied to
430-445 as previ ouspiys gt 'dBvice BUvvidelebMichxide of the input device.

3. The system of claim 1 wherein the dynamic feedback bias circuit is a translinear

dynamic feedback bias circuit.

4. The system of claim 1 wherein the input device and dynamic feedback bias

circuit utilize only transistors that are native devices used throughout the second
bus agent.

5. The system of claim 1 wherein the input device and dynamic feedback bias
circuit utilize only transistors that have substantially the same electrical oxide

voltage as other transistors in the second bus agent.

6.  The system of claim 1 wherein the dynamic feedback bias circuit comprises:
a plurality of voltage reference circuits each having one of a plurality of
voltage reference outputs; and
a reference select circuit coupled to bias the input device by enabling at least
one device coupling at least one of the plurality of voltage reference

outputs to a bias input of the input device, the reference select circuit
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- 10- WD 99/ 43086

PCTI US99/ 02044 enbodi nent, the i owered b [ cc
signal (VcW@)994388 t he ground aﬁmmmmuﬁﬂmuwzpcore groﬁnlgojé’l'??i%%/cﬂ?sM The
sense anp 225 generates the ref efente 'sei"ecf signal on signal |ine 530
whi ch, as previously discussed, selectably couples the high and |ow voltage
reference circuits 52@eimg@obpled tdsdlave thel s deabl die dilde plbielity of tdltage enbodi ment
is the transistor 560 which drivei’P‘E e reference select signal to the core
vol tage val ue when t h&TREPEOWPHI§PRSG sonefgggﬁté’énﬁln signal line 555. This
prevents the output node of the sense anp 225 fromfloating and creating a
DC path through the sense anp 225. In this enbodi ment, the | ow voltage
Ireferen_ce cl7r cuThe §Beem of claipy Grvehereinthe puraliisefovoliage taferengei Uy ovi des a
ow vari ation output volt n.sd | . uat e
vith changes | ntaEssg isCRdeRR reREs clofiand SalHEMIERE R tithed il
i ncl udes two p- Ehvang ek obithanesltize iewdr@ganahel fidd oltageabfenence nigcuit andsour ce

connected to the_core Vcc, The gate. term nal f nsi st 506 and 508
are connected t Bietefbthe refgeenge é‘g?‘&i‘m‘f‘h@ c?’%ﬁ‘%@?%f%‘?"%%rﬁf@?a&%s ? Ee out put
vol tage on si gn?éﬁﬂeh&ecié‘%ﬁ taf%ﬂas'tﬁe Aptedag if Metiia siiral ékcebdsta firsEhisituge!

transi stor 504. e source of the n-channel transistor 504 is connected to
the core groundlevekaml is gpupled tossslest e sewrd valtagewsference cirgnit i the figshsi st or

510 has its sougiég?lgggqggﬁiagqﬁgﬁgp(?%a%rgrlﬁlggr ound signal and has its gate

attached to the’ 4. Additionally, the drain of
transistor 510 is connected to the gates of transistors 504 and 510 as wel |
as the drain of transistor

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; and
a translinear dynamic feedback circuit coupled to bias the input device at a

voltage determined by the input signal.

9. 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

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.

10. The circuit of claim 9 wherein the voltage reference select circuit comprises:

-16-



508. This arrangenent provides a |ow variation output voltage on signal

i ne 505 desgj ctuations on he wi dth top&ep@bdi20ed | 0S
of transi st?rws)tgglﬁ:%dsgnd 508 are eJmmHm“mgmmm to length ratio of
transistor 504 is greater than that of trahsi%tor 510. Under such

conditions, the voltage on signal line 505 is a function of the '
gat e-t 0- sour ce vol t a§iss gate thatds swengdy enabled 9 roupieche Brshrphtagedeferrncyal ue of

the resistor 502. The high MgioGSs {nﬁl?{fqﬁ@ﬁ,&g{e %gﬁﬁﬁ%ﬂsﬁéﬁggﬁaﬂ D

stacks of series p-channet transistors conne
source of transistor 52&d s connected to the peripheral voltage supply line

(Vccp). The gate of transistor 522.is _connected, to th rain of transistor
522, and transistor §s%°?3,a g%%é,f‘a%{ﬁé‘ 13%0_ %e?arqi%q,\ﬁoscguelgr‘.ﬁeéﬁcgagiv?.lttasggri es
with their gates connecCiefstehic® dutgitito tHebinSinPOCif tHeSinpsigrial K116 iaskednd
transi stor 528 having its drain connected to the periphery ground signal

GNDp. The transistor 53YOlg8 IaREs. sour ce connected to the gate of transistor
522 and its gate connected to its -1 1- WO 99/ 43086

PCTI US99/ 02044 drain. Likew se, transistor 532 has its source connected to
the drain of 1l.arBiestinuit®stlaim® whereipahe fiast voltage neferencaicirani¢ issoompledtted. At

the drain termnal_ of, transistor 532 .t hj. vol ta reference, circuit
520 provides t he Y962 i rfef}éegwﬁﬁpﬁﬁgq zg% #I&EXOIgargted'gtt%FFé’cﬁP'é?u vaechi'ﬂ4 as
the pass transi stgjprédrhaiety n@btteigaltikiddwollagt abeRCEmERmALL expedtaa linpublot abl y,
in this arrangenent, the transistor 534 may remain biased such that it is

weakly on when t heoliage ésvehce sel ect signal is at its high voltage |evel and
may

12. The circuit of claim 11 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.

13. The circuit of claim 11 wherein the first voltage reference circuit comprises a

low variation voltage supply.

14, The circuit of claim 13 wherein the first voltage reference circuit comprises a

current mirror based voltage reference supply.

15. The circuit of claim 9 wherein the voltage reference select circuit is coupled to
receive the input signal as an adjusted input signal which is generated by an

output and bias level adjust circuit.
16. The circuit of claim 15 wherein the output and bias level adjust circuit is

coupled to receive the amp output signal and derive the adjusted input signal

from the amp output signal.
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t herefore cause sonme contention with the | ow voltage reference circuit 500.

Keeping the transi stor 534 we t he bias vol e high
vol t age r eWerM3Bécircui t 5201%“!@@&"@3“”“]'&:%% t ransi e%%?&e‘%@“g whi ch
may ot herw se inpact the bias . e trsansi stor 512, however, should
be sized such that when transistor 512 is enabled, the | ow voltage

reference cipfyCuirhe SR¢hiEs A 16 WReFeiMAhe Soltdpe refefenbe select oirtuigfuriher pul | ed
| ow. Thus, in the enbodiment of Figure 5, each voltage supply dom nates in

a particul ar vofemp@sesange whi ch causes its pass transistor to be strongly

enabl ed: | 1OMe SRR cirkliABICIRD SEctiveOhd RGBS inuiiend Ba T € v tag§

Is 2.0V, and the oxl vol tage i's approximately 2V. In this
enbodi nent, the out putgendratelagefepance st¢lectgégnabif er ence circuit 500 is

approximately 1.3V, and the .output, of the hi r circuit
520 is approxi mat é‘\%‘/’?efg%\?.lmb\?f?{ﬁ’i?fl RIRE% e%&ﬁ%@%&m@%&@l@&%ﬁ g‘ge of -.7V
and an expected maxi mgglettablytcouple tiofrsoioléags Yefetcnee outpatanid thersdeopdir e 5

prevents the ECS voltage from bei ng exceeded for a f these deyices. In
al ternate enbodi ment s voltagegefergsice Opiput i 5&85@@@8%0%4]8? g’reafFf\éﬁe.nc?n an
application having a |gpgekofifference between the core Vcc and the

anpl i tude of the difference” between the expected m ni num and maxi mum
voltages, a traditional voltage |evel shifter may be used in place of the

‘sense anp 225 tg.avoid .nr N | C t sel ect
ciroui try. At APBAaRSt TR 2 WnE b YA Rt PRel GicBl B Rrn,
circuits at cert ai#fiseped Mnp circuit domphudiio deceivet the afpuFsignaland to Feneratxanpl e, to
pl ace capacitors between the ?i as line 514 %nd g)r ohmd, et ween .t he bi as

line 514 and signal | ilsast eperefagencp seloek signal based OnIRGPRESIERALAN of the | ow

vol tage reference £idiGiricireli iddnidify 208dst oRE kXeeBugHNREadof the figst Yohageand
bet ween Vccc and GNDc in the voltage reference _ .
reference output and the second voltage reference output to the bias

voltage line.

19. The circuit of claim 9 wherein the amplification device is a unity gain common

gate amplifier.

20. The circuit of claim 9 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.-

" 21. The circuit of claim 9 further comprising:
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.

22.  The circuit of claim 21 wherein each of the first voltage reference circuit, the

second voltage reference circuit, and the at least one additional voltage reference

-18-
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circuit 500. -12- WD 99/ 43086

ecback bias crrcu . This o rcOIBIMIGATAI near "tecnniapes o

invol ving three vol tages reference circhitS. Such a circuit mlay_ be usef ul

in anal og-to-digital .conversion. In Figure 6, the input signal is again
recei ved on a si gf%fui} $TRPIAES One ar Pﬁ%‘gﬂé&%%@%%lwems%hﬁw&@| ng of a
- Lransistor 425 Agaidistof S6huloRlee voRélieteferdict bk Ablicas di scussed previously
with respect to Figure 3 is used. Figure 6, however, enploys a reference
select circuit 605 which differs fromthose previously shown. The reference

sel ect circui th)608y] : ' I ' .er.61Q . 615 . and 620,

whi ch take as 22hente FREHFGEsIA 25 WHBKES titias JIRAEE 1Bk iy« Gerag sigPriaiet 10
- The out put of theshichproeidesw digitézed veesiqreof the éiput sigaalcoupl ed to the gates
of three pass gates 625, 630, and 635. The pass gates are p-channel
transistors, therefore are generally enabled as a low voltage is applied to
their gates. Dhe Wdﬁiami@féeﬁﬂ_&kriﬁf)&%@ﬁ&i@ioﬁinrgf&&lc{lit} c"“oni’%'fsﬁ{ -es conbi nation of
three p-channel transistors, transistors 640, 645, and 650 which are
connected in series detpaiand\pias laval adivet ciowitmoupledith eecpiveanganpdified Versitach

of the transistors 640, ; . | t i its gate coupled to
its drain. Simlarly, t hogggémﬁglg\?lgﬁnggtg%ggél}rg%eﬁﬁaﬁéqs&@égp‘f\ﬁgg@gr-| es
p- channel transi st orafib%oltagd réféfencenitauit kaliles fies volage refeflerida@ugpy ce of

' r 630. - .
the pass transisto z? second voltage reference circuit having a second voltage reference output;

voltage reference select circuit coupled to receive the adjusted input signal
and to selectably couple 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,
an amp input coupled to receive 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.

25. 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;

biasing the input device using the at least one of the plurality of voltage bias

sources.

26. The method of claim 25 wherein the selecting further comprises:
enabling a first gate coupling a first voltage supply to bias the input device if
the input signal is within a first voltage range; and
enabling a second gate coupling a second voltage supply to bias the input

device if the input signal is within a second voltage range.
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Transi stors 655 and 660 are al so connected in diode fashion with their
gates coupled to their drains. Finally, the'third voltage s j

si ngl e tr anMei9%8a®s6 670 having its source connected to Vcc a%"?ﬁﬁé’g"f‘g and
drain connected to the source OU ﬂll I1 s“tl 625. As an increasing

i nput voltage is applied, the v oaar i'¥®¢r eases, thereby causing the
vol tages 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 62b pFhencidod af tlaimg @5 vdwrain the sslegtingfuydier eQpBPMIEst he gate of

transi stor 625 than ul.d b resen | &:her ' 35.
Thus, at a first anﬁ%%g?%%lgtaa%ggag‘%/%@pglp Eta rﬁg&ﬁ%g%@és‘ﬁ%’%ﬁ%&@g?g%ﬁ I

bi as the transistor 425dsviee flitksinpuel@gdsighdl inatd gk signel levweje, t he
gate-to-source voltage qof transistor. 630 will. be sufficient to.also abl e
that transistor, th&FeRglysnablingsseondgalheoupling adecrada @ger%ﬂpg}'ygtﬁi’éasgﬁ?cuit
to the bias line 680. Sir%ﬂukéé&iaeif%eiﬂpﬁwda & GbhalGead 61 ledl; 4dde i nput
signal, the transistor 635 w |l be enabl ed %h,ereb creating a third step in
the vol tage on the byeakly dnabliggihe firstpate if thmylgg/v,gémslgnal is at the low level.

PCT/ US99/ 02044 I n effect, therefore, the bias line 680 provides a digitized
version of the input signal. In other words, the bias voltage (Vbias) shown
in Figure 4a fHer Thé method®oficlainy®3lwhenein ¢he seteetinglisshaserbon 8 tepditiontddiersiemal

voltage reference circguits coul d he added i di,ti onal .steps of
digitization are Peoespa ?ﬂnﬂ@ﬂg\)’g}e}’eli‘ ﬂ?@%‘&?@ﬂﬂmﬂg"" BiPates how a
dynamf feedback bi ag,dByniAg thSRgut Sl AFhE ik ihpatdeaita®gedepateliiy t al
converter.

conditioned version of the input signal.
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Thus, the present invention provides dynamc bias circuitry which may be
used in a V%Q%/Xﬂﬁ& contexts. Wiile certain exenplary enbodi pepiusSodmress
been descri be shown in the acconpanying drawings, it is to be
understood that such enbodi nents are nmerely illustrative of and not _
restrictive on the broad invention, and that this invention not be limted
to the specific constructions and arrangenents shown and descri bed, since
vari ous other nodifications nmay occur to those ordinarily skilled in the
art upon studying this disclosure. -14- WO 99/ 43086
PCTf US99102044 Clainms What is clainegfzis: 1. A systemconprising: a first
bus agent coupled to generate a first signal having a first voltage sw ng;
a second bus agent h@yiQg a core coupled to QpgLate at a core operating
vol tage with an anpli e | ess than the fi rstf\gltage sSwi ng, the second bus
agent having an inpput[device coupled to recgi ve the first signal, the input
devi ce being bi aggdbly a dynam c feedbacksbeds circuit to,pgovide a core
signal having a »ec vol tage swi ng apprdE nately equ 05r | ess than
% tage. 2. The syst@ﬂ)f claiml \?\ﬁe ein the dynamc
ot .

the core operati
f eedback bias ci is coupled to aun -
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bias the input device to avoid electrical oxide of the input device. 3.
The systemof claim| wherein the dynam c feedback bias circyit i

transli neaWOQYA¥WE6 c f eedback bias circuit. 4. The systenn§§¥&§%¥iﬁﬁf
wherein the i nput device and dynam c feedback bias circuit utilize only
transistors that are native devices used throughout the second bus agent.
5. The systemof claim1 wherein the input device and dynam c feedback
bias circuit utilize only transistors that have substantially the sane

el ectrical oxide voltage as other transistors in the second bus agent. 6.
The system of claim1l wherein the d¥gpnic f eedback bias circuit conprises:
a plurality of voltage reference cifcuits each having one of a plurality of
vol tage reference outputs; and a reference select circuit coupled to bias
the input device by enabling at |east one deyice coupling at |east one of
the plurality of voltage reference outputs t@a bias ingat of the input
device, the reference select circuit -15- 20 99/ 43086~ i

PCT/ US99/ 02044 bei ng. coupl ed.to sel ect the af Bpast one o S-"..t:'k;i__we' pluratity of’

vol tage reference outputs based on the first Pgnal._7. ™e system of

claim6 wherein the plurality of voltage refé¢rence r culi onpri se a
first voltage reference circuift and a %gﬁond vol t age E;fereng; circuit
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havi ng an out put voltage |lower than the first voltage reference circuit
and wher ei nydigy43gder ence select circuit is coupled to sel ectrammessbiozas
voltage reference circuit to bias the input device if the first signa
exceeds a first voltage level and is coupled to select the second voltage
reference circuit if the first signal is less than the first voltage |evel
8. A bus agent conprising: an input port coupled to receive an input
signal; an input device coupled to receive the input signal and to generate
an output voltage; and a translinear gpmnanm c feedback circuit coupled to
bias the input device at a voltage determ ned by the input signal. 9. A
circuit conprising: a first voltage reference circuit having a first

vol tage 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 |east one of the
first voltage reference output and the second~vo|tage¢uefenunce output to a
bi as voltage |ine based on the input si @ 7 &d an aﬁ)bur’lmatl on device
having a bias input coupled to the bias vqgltage |ine, af anp input coupled
to receive the input signal ard-an+-anp-autiput {of-ar-aR)- odtput--s+gral that
reflects the input signal. 10. The ci rcnjlt of flaim9 wherein the vgl'tage
reference select circuit conprlses -1
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WO 99/ 43086 1US99/ 0204 a first gate that is strongly
enabl ed to couple the first voltage reference output to th kiRso/d2 agut if
the inputwowadssis in a first voltage range; and a second gate t t hat
is strongly enabled to couple the second voltage reference output to t he
bias input if the input signal is in a second voltage range. 11. The’
circuit of claim9 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 m ni num expect ed
input voltage level. 12. The circujjy,of claim1l 1 wherein the second

vol tage reference circuit is coupled7to provi de a second reference voltage
at the second voltage reference output which is approximately an el ectri cal
oxi de vol tage bel ow a maxi mum expected i nput voltage level. 13. The circuit
of claim 1l wherein the first voltage reference circuit conprises a | ow
vari ation voltage supply. 14. The circuit of claim 13 wherein the first
voltage reference circuit conprises a current mrror based voltage
reference supply. 15. The circuit of claim9 wherein the voltage ref erence
select circuit is coupled to receive the input signal as an adjusted i nput
signal which is generated by an output and bias |level adjust circuit.
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16. The circuit of claim15 wherein the output and bias |evel adjust
circuit is gaypddsd 0 receive the anp output signal and deri viect/osyoadpasst ed
i nput signal fromthe anp output signal. -17- WO 99/ 43086

PCTIU S99/ | 17. The circuit of claim 16 wherein the voltage reference
select circuit further conprises: a sense anp 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

sel ectably couple the first voltage reference output and the second voltage
reference output to the bias voltageﬁ/?ne based on the reference sel ect
signal. 18. The circuit of claim9 wherein the voltage reference sel ect
circuit conprises: a sense anp circuit coupled to receive the input signa
and to generate at |east one reference sel ect signal ggsed on the input
signal; and a selector circuit including at |eakt one‘jgate coupling each of
the first voltage reference output and the secopd vol tjage reference out put
to the bias voltage line. 19. The circuit of clpim?9 rein the
anplification device is a unity gain common gatg anpliﬂrer.
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20. The circuit of claim9 wherein the anplification device is a transistor
havi ng a base i nput coupled by the voltage reference sel ect o the
bi as vol taﬂé’”(“ﬁ& a source coupled to receive the input siY %g%éohﬁi

drain which is the anmp output. 21. The circuit of claim9 further
conprising: at |least one additional voltage reference circuit, the at-|east
one additional voltage reference CIrCUIt havi ng a corresponding nunber of
addi ti onal voltage reference outp{s, each of the correspondi ng number of
addi tional voltage reference outputs al so being selectably coupled to the
bi as voltage |ine based on the input signal. 22. The circuit of claim?21
wherein each of the first voltage reference circuit, the secondgvoltage
reference circuit, and the at | east one additional voltage refe®ence -18-
circuit conprises one or nore transistorg coupled in series, dgh havi ng a
transi stor controlled voltage ref e; e @elect circuit. 23. TheZci §U|t of
claim 22 wherein the bias voltage eis a digitized signal ou whi ch

' eedback
gyst

i nput conditioning cir

circuit coupled to meckive an a i gal and to
generate an adj ustedimput signal circuit having
a first voltage refgengaNoutput;fa second vo]tage reference circuit having
a second vol tage referenae out put
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vol tage reference select circuit coupled to receive the adjusted input
signal and sls6ss ably couple at least one of the first volrcagasssmimasence
circuit and the second voltage reference circuit to a bias voltage |ine;
and an anplification device having a bias input coupled to the bias voltage
line, an anp input coupled to receive the input signal, and an anp out put
coupled to provide the anplified version of the input signal to the output
and bias level adjust circuit. 25. A nmethod of conditioning an input

signal, conprising: receiving the input signal via an input device;

sel ecting, based on the input signal, at |east one of a plurality of
vol t age bi as sources; biasing the inputymgevice using the at | east one of
the plurality of voltage bias sources. 26. The nmethod of claim25 wherein
the selecting further conprises: enabling a first gate coupling a first

vol tage supply to bias the input device if the input signal is within a
first voltage range; and enabling a second gate coupling a second vol tage
supply to bias the input device if the input signal is within a second

vol t age range. -19- WO 99/ 43086 - 5 o N
PCT/ US99/ 02044 S0/ 8 SO0 A
________ Y R S
L. | o
i @ nl:: =] Y N
5 A S L—lﬂr———k——lerm-_,z:
i —_— ' ]|
o | =2
E&\s e L1 g3
L o<
Nl o
=1g

615
REFERENCE SELECT




27. The net hodﬂief claim 25 wherein the selecting further conprj

strongly enabli
i nput device i

ng a first gate coupling a first voltage suppl
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A system utilizes a dynamic feedback bias circuit (115) and includes a first bus agent and a second bus agent. The second bus agent
has a core (120) which operates at a core operating voltage. An input device is biased by the dynamic feedback bias circuit.




