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integrated circuit is designed, prohibiting operation of the integrated circuit if the

level of voltage is outside the specified range, or determining whether a threshold
20  level has been reached before permitting operation of a particular application within
the integrated circuit.

In general, input buffers configured as voltage detectors are configured to
operate for only one threshold level, i.e., trip for only one point, to confirm whether
the voltage level is above or below the threshold level. For example, in

25  microprocessor-based applications, an input buffer configured as a source voltage
detector can be utilized to detect the voltage level of the power supply voltage within
the memory modules of the microprocessor-based system. Through this detection
process that determines whether a threshold level has been reached, the voltage
detector can initiate signals to control devices to operate the power supply voltage

30 for the memory blocks of the microprocessor-based system.

Many integrated circuit applications are designed with voltage detectors
configured for detecting operation at a high voltage, a “super voltage” or “SV” level.
This SV level, which i; configured internally within the chip, is generally for use only
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operate in either “high” or “low”, or in the transition in between, but not in the
midrange, i.e., in between “high” or “low.”
With reference to Figure 1, a prior art input buffer 100 configured for voltage
detection is illustrated. Input buffer 100 comprises a differential amplifier including

25 two input terminals, e.g. the gates of transistors Ms and My, coupled to an input
signal INPUT and a reference signal REF, and having an output signal OUT_DIFF
provided from the output of a series of succeeding or cascading inverter stages 102,

104 and 106. Input buffer 100 is configured to amplify the difference between the
input signal INPUT and the reference signal REF into a high or low signal.

30 For example, with reference to Figure 2, during operation, when input signal
INPUT is at zero or ground, e.g., the output of transistor M, is zero, the inverted
output signal OUT_DIFF will remain as a high signal; when input signal INPUT goes
above the reference signal REF, the output signal OUT_DIFF will switch to a low



above the reference signal REF, the output signal OQUT DIFF wll switch to a
low 2 WO 03/054560 PCT/ US02/ 39176 signal; and when input signal | NPUT
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i nvention addr esses many of the shortcomngs of the prior art.
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m d- | eveimplelicagadditiahal m;{rdp@mgst@cbégkgﬁégsti ng purposes. In accordance
wi th an exenplary enbodi nent an exenplary input buffer circuit configured

for vol tage dERREI9rEn acRRGN ieXists for arfrapraved igpukbuiier conftpusedior volage e
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| east two reference voltages e provi ed as 1 nput

mul t15 st as pralédefdranultiple eparatidenfrenvihelsaane mypripbdry enbodi ment,  the
mul ti-state detector conprises a three-state detector. The three-state
detector is suitably configured to receive an input reference signal, and

t hrough sgmahsePtd Invdmgidput reference signal to at |east two ref er ence
voItagesﬁp'ﬁ%’éTFm't—s‘h'h s 30 to at least three output termnals
representing Bhéipgésentdnvemtibnmadediesses nsarat ef tie shpecamings. of theapdar ddance
with an I%XSE‘P&%XCS n“t}ﬂd vra%gtué atsrb%cEs ?%hgtgrtegerqte ?neilcen?on an improved input
20  buffer and method configured for voltage detection system are provided that can
facilitate detection of a multiple levels of voltage, such as a mid-level voltage that
may be used for testing purposes. In accordance with an exemplary embodiment,
an exemplary input buffer circuit configured for voltage detection comprises a
reference generator and a multi-state voltage detector. The reference generator is
25  configured to generate at least two reference voltages to be provided as input
signals to the muiti-state detector. In accordance with an exemplary embodiment,
the multi-state detector comprises a three-state detector. The three-state detector is
suitably configured to receive an input reference signal, and through comparison of
the input reference signal to at least two reference voltages, provide output signals
30 to at least three output terminals representing a high, low and mid-level state of
operation. In accordance with an exemplary embodiment, the three-state detector
comprises two differential pairs of transistors configured in a back-to-back



conprises two differential pairs of transistors configured in a
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configured for voltage 25 detection in accordance with an exenplary
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Figure 1 illustrates a schematic diagram illustrating a prior art input buffer
configured for voltage detection;
20 Figure 2 illustrates a timing diagram for operation for a prior art input buffer
configured for voltage detection;
Figure 3 illustrates an exemplary embodiment of an input buffer circuit
configured for voltage detection in accordance with the present invention;
Figure 4 illustrates a timing diagram of an input buffer configured for voltage
25  detection in accordance with an exemplary embodiment of the present invention;
Figure 5 illustrates an exemplary input buffer configured for multi-state
detection in accordance with an exemplary embodiment of the present invention;
Figure 6 illustrates an exemplary embodiment of a reference voltage
generator in accordance with the present invention; and
30 Figure 7 illustrates a timing diagram of simulation results of an exemplary
input buffer configured for multi-state detection in accordance with an exemplary

embodiment of the present invention.
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Detail ed Description of Exenplary Enbodi nents of the Present |Invention The
present iwWOeabssn nay be described herein in terns of varipecwasbusiuré onal
conponents and vari ous processing steps. It should be appreciated that such
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suitably coupled or connected to other components within exemplary circuits, such

20 connections and couplings can be realized by direct connection between
components, or by connection or coupling through other components and devices
located thereinbetween.

As discussed above, current input buffers configured for voltage detection
have a limited margin of operation for testing conditions, such as for use of a super

25 voltage (SV) condition. In addition, present input buffers configured for voltage
detection are configured only for two states of operation, and have output functions
limited by the number of command pins. However, in accordance with various
aspects of the present invention, an improved input buffer circuit and method
configured for voltage detection are provided that can facilitate use of a mid-level

30 voltage for testing purposes, as well as provide for multiple operations from the
same die pad.

In accordance with an exemplary embodiment, an exemplary input buffer

circuit configured for voltage detection comprises a reference generator and a multi-



sane die pad. In accordance with an exenpl ary enbodi nent, an exenpl ary
I nput buffer circuit configured for voltage detection conprises a
ref erencewgaenmesator and a nulti- 5 WO 03/ 054560 PCT/ US02/ 2eTM502/3%12¢ €
vol tage detector. In accordance with this exenplary enbodi ment, the
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a supply ol age to generate at |east two reference voltages,
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arrangenen any er of resistor and/or capacitor 20 components.
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(QUT3) states of operation. As a result, three-
and/or SWItchmg arrangements, and any number of resistor and/or capacitor
20 components. Moreover, such transistor devices can comprise MOS transistor
devices, or BJT devices. Further, reference generator 302 can be configured
internally to input buffer 300, or can be provided from external circuits.
Three-state detector 304 is suitably configured to recognize or detect an
intermediate, or mid-level, range of voltage in addition to high and low conditions. In
25 accordance with an exemplary embodiment, three-state detector 304 is configured
to receive an input voltage reference INPUT, and through comparison to the two
reference voltages, REF; and REF», provide three output signals representing low
(OUT;), mid-level (OUT>), and high (OUTs) states of operation. As a result, three-
state detector 304 is capable of recognizing a mid-level range of voltage operation.
30  Through the use of such a mid-level range of operation, testing conditions can be
conducted within a safe mid-level voltage range, instead of an SV condition
precariously close to the high operating range for a given process, while still

operating as a tandem input device for a conventional two-state input buffer.



state detector 304 is capable of recognizing a md-Ilevel range of voltage
operation. 30 Through the use of such a md-|evel range of operation,
testing cwodBHsonE can be conducted within a safe m d-| ePell/uso/sEge range,
i nstead of an SV condition precariously close to the high operating range
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20 With reference to Figure 4, during operation of input buffer circuit 300, when
input signal INPUT is at zero or ground, output signal OUT, will remain as a high
signal, while output signals OUT, and OUT3 will remain low, which indicates input
signal INPUT is less than reference signal REF+, and thus in a low state. As input
signal INPUT ramps upwards above reference signal REF;, but remains below
25  reference signal REF,, output signal OUT will switch to a low signal, output signal
OUT: will switch to a high signal, and OUT; will remain low, which indicates that
input signal INPUT is within a mid-level range. Thereafter, as input signal INPUT
ramps upwards above reference signal REF2, output signal OUT4 will remain at a
low signal, output signal OUT; will switch to back to a low signal, and OUT3 will
30  switch to a high signal, which indicates the input signal is in high state.
As input signal INPUT transitions back to a low level, e.g., to ground, three-
state detector 304 can provide corresponding output signals representing low

(OUT4), mid-level (OUT2), and high (OUTS3;) states of operation. Accordingly, at least
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| NPUT ranps upwards above reference signal REF2, output signal OUT, wll
remai n atwe o3lomseei gnal , output signal OUT2 will switch teChask/sa’@ | ow
signal, and QUT3 will 30 switch to a high signal, which indicates the

i nput  si ¢rek stateswohlcgi@réﬁcm @re Asalizgel)tiowi gndLleVélPléﬁdt heymsiitd. Ombubasffdro a
| ow | evel ground, three- state detector 304 can provide

corres poﬁwcw@,gaﬁﬂ@mgmzwapbomlm Righariley stale, bpbahsgz)a sigielin eglweendDess,

and hi gh t 560
PCT/ Ulsgz}‘é%éam? h?eg‘% ?F"? es o éc?%the{égqﬁg%r%%%rF %dg r‘??és anmwgq%z%/g?é and
hi gh, i.é&om anmu’egtaléﬁe:rrcuneppnnamoaoo recogni zes not only a high or |ow
tat b t al t bet th t d As | t t
sl b SSe s pale b Tt st sahian e T
circuit ?éé‘ﬁ'n'gcé‘éttcﬁ{‘foﬁcﬂgﬁt é@'&gﬁér‘%ﬂ Rbr %xg?n%é et}ﬁ%u AL5BB ARG *?J

facilitate a™nore desira sting optlon or CII’ esi gners.
exanpl e, levet sande tdhepesatiard, teatimg aondidiont esasl coadugetedfwnﬁperaaﬁamw mldéesxtel ng
condi tions,can conducted wi

d- d of
an SV coNatRgomAngedart e@&@é&\%%@%@l&?@fﬁ?%ﬁ%@ P RD, opatig, y

even nor a e I I ng
L R ey T

oper i i odudag thachiddenat raageool vabiages, athes providing of anr additiopate rarxgearod

functions w.thin a rat.ed circu ackage.. Still further he.,.

i d- | evePPated: o daniare Brals @ﬁﬁpwgdntﬁ% plgy eiregieTts A [ifians
requi r empithfn &R itediibd iohRUlt paukags. SERThMHIGL, #ié end-ldvel ldeteaePEdRRrR Yot h
anot her aspect of the present invention, an exerrpl ary input buffer circuit

300 conf Fauiigretofo viiavidse foBeWeneceiEentomeariremants il age dugl tinpule buffer

operatio e sane i nput pad. For exanple, through use of a
t hr ee- stgégﬁéﬁgbéﬁ‘t or 304, at least three states of operation can be

real{zed. Thugy skesrdaxreepivih arfd?ﬂiert a@pmrﬁfam praxenf idshtiBn, Wnt Bx@hplaepst
three states that can be realized f 0 each, at |east ei ht functlons or

conmands INPath byéEfep coeHigetP0 Fordi gured)rforAvgtagmlayel Aetectiop aamfasiitete mulial
RO ey e 906 Bl S, B, 0 b,
i ncr easi dgtetdtm' Ihimrieadt tho&efratad:bsooﬁepeﬂaltmntdwrbmai&sdadﬂnms domkxample,
functions can be faci |1at t hree-st at e det ector W t hout uj ring
t he addi fqrotwo comman pms B WIt?\ at feast three states t:?\a? can be reallze% 1Jo
20 each, at least eight functions or commands can be provided, i.e., for A, B =0,0; A,B
=0,1;AB=0x;AB=10;AB=1,1; AB=1x; AB =x,0; and A,B = x,1, where x
represents a mid-level state, at least eight different logic output conditions can be
realized, without increasing the number of command pins. In other words, additional
functions can be facilitated by three-state detector 300 without requiring the addition
25 of command pins to the voltage detection system.
Accordingly, through use of three-state detector 304, the number of
command inputs from other devices and circuits is significantly reduced by reducing
the number of pins necessary to decode the command inputs. For example, for a
synchronous dynamic random access memory (SDRAM) application, which is
30 needed to keep pace with modern computer systems, having a plurality of command
inputs, such as chip select (CS), column address strobe (CAS), row address strobe
(RAS), and WE, the number of pins necessary to decode all the possible command

inputs is significantly reduced from an integrated circuit package.



25 of command pins to the voltage detection system Accordingly, through
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external with at least five states that can be realized for each, even additional functions or

20 commands can be realized from input buffer circuit 300.

Accordingly, an exemplary an input buffer circuit can be configured with a
reference generator, whether internal to the input buffer circuit, or from an external
circuit, for generating a plurality of reference voltages provided to a multi-state
detector to output a plurality of states of operation. As a result, not only can various

25 levels of operation be used for other purposes, such as testing, but also the
functionality of the integrated circuit devices can be greatly increased without
increasing the number of command pins per circuit.

As discussed above, three-state detector 304 can be configured in various
manners to provide a mid-level voltage range of operation. For example, in

30  accordance with an exemplary embodiment of the present invention, with reference
to Figure 5, an exemplary three-state detector 500 is illustrated. Three-state
detector 500 is suitably configured to provide an output signal representing a mid-
level range of operation. In this embodiment, three-state detector 500 suitably



circuit, for generating a plurality of reference voltages provided to a
multi-state detector to output a plurality of states of operation. As a
result, roDodmb4s6can various 25 | evel s of operation be usedTtifuse2/stiher
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vol tage (Vcc 20 Each and 504 is suitably coupled to
vol tage el < B Ech RS o, a2

20 Each input pair 502 and 504 is suitably coupled to current mirror circuits 506
and 508, respectively. Current mirror circuits 506 and 508 are configured to provide
output signals corresponding to a comparison of said input voltage and said two
reference voltages. Current mirror circuit 506 comprises p-channel transistors M,
and Ms, having gates connected together, and current mirror circuit 508 comprises

25 p-channel transistors Ms and Ms, also having gates connected together. Common
transistor Ms is configured in a diode-like manner, i.e., the gate and source are
connected together. Thus, to couple input pairs 502 and 504 to current mirror
circuits 506 and 508, the drains of transistors My, M2 and M3 are connected to the
drains of transistors M4, Ms and Mes, respectively. In addition, the sources of

30 transistors M4, Ms and Mg are coupled to a supply voltage (Vce).

Output signals from the pair of differential input buffers 502 and 504 can be
provided to a low reference output (LRO) node and to a high reference output
(HRO) node, respectively. In the exemplary embodiment, low reference output
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and 508, respectively. Current mrror circuits 506 and 508 are confi gured
to provide output signals corresponding to a conparison of said input
vol t age awo ogab46d wo reference voltages. Current mrror @®CTALS02/3G06
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20  configured to receive a signal from high reference output node HRO and provide an
output signal which is coupled to the input of inverter 516 and, along with the output
of inverter 516 which provides the high level output signal OUTj, also to the input of
exclusive OR gate 516. Inverter 520 is connected to the output of exclusive OR
gate 516, and is configured to provide an output signal OUT that is representative
25 of a mid-level voltage range.

Three-state detector 500 can also be suitably configured with an enable
circuit to control the turning “on” and “off” of three-state detector during operation of
an integrated circuit. For example, three-state detector 500 can include a transistor
M7 coupled between the sources of transistors My, M; and M; and ground.

30  Transistor My includes an enable signal EN coupled to its gate, which can be
suitably enabled by any command signal. Moreover, three-state detector 500 could
be permanently enabled by tying the gate of transistor My to supply voltage Vcc, to a
DC supply Vpc or, for example, to reference voltages REF4 or REF..
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I's coupled to the input of exclusive OR gate 518. Meanwhile, inverter 512
Is 20 configured to receive a signal fromhigh reference output node HRO
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20 or lncreasmg the transistor channel length. Further, in an exemplary embodiment

including enable circuit with transistor My, current can be choked off by coupling the

gate of transistor M7 to one of supply voltage Vcc, to DC supply Vpe or, for example,

to reference voltages REF or REF,, as well as using a transistor size for transistor

M7 having less strength. On the other hand, to configure three-state detector 500 to

25 operate more like an normal buffer, the sizes, strengths, and WI/L ratios of the

various transistors can be suitably increased or otherwise adjusted, as well as

separately providing an enable signal to the gate of transistor M; for controlling
operation of three-state detector 500.

Having described an exemplary embodiment of a three-state detector 500, an

30 example of operation can now be provided with reference to a simulated timing

diagram illustrated in Figure 7. In this example, reference voltage REF; comprises

a 1.0 volt signal, while reference voltage REF, comprises a 1.5 volt signal. For an

initial condition, when input reference INPUT is at ground, and thus less than both
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used for testing purposes rather than full operation, the current consuned
by three- state detector 500 can be further m nim zed by reducing the
current twengiostsers M through Mo can supply, e.g., by decrasset/se7é¢ he
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provi di n@xé‘lﬁs%@k@a‘%é%@' willde Q%l%ﬁélénélfthéf f%“%‘oﬂo%rd th@é’r”terC@ﬁ rr@%ulhﬂ@

operation of three-State detector Havi ng ‘descri be an exenpl ar
enmbodi nemacbfﬁwalgnaiéy@:tauteraﬂ@eeceﬁuﬁﬂo an 30 exanpl e of operatlon can

" gure 7. s reErER 00T OfR ayaplsciRthait iR hase stare il
signal, wput ¢eﬂeeémeenqeuvqhér@ggeﬁﬁﬁav@maombnlsj@f,fe Rvél 8f ePbrienek GdRhge FAF AN
i nit | al condition, when input reference INPUT is at ground, and (tghus | ess

t han1®ot MVherpthigooeurss asse ceaenUsibiiee iy Bansistasidathanidh tsagbéhatan Otipait

REF2, no r t

resul ti ng\ml ﬁgalﬁﬁgut p %dlg% ﬁggé @%@gﬁdﬁ\ﬁ%@&[ %tpm Fé@ﬂ?'?ce gphﬁht ﬁutat é‘l gnal
will be Mminwigle, abde ROt willedeetin ¢ aOHigh” fai@, an@ltod&pﬁ BrderinceeUTIRUL to
inverter 516. Accor di ngly, in that output reference 1 is a high signal,

and OUT3COBlIRYRIq pravidea Ievsignal at ghandihusiveridera bve sigral et Bee auipsivorf

signal a e t 8 Q(ma
that is %rg\glslggdqi% \%eﬁ8 ?ﬁ%ﬁhsdr esuﬁ ﬁﬁ gpﬁélaf(}{vow s@gngﬁf‘g@? out pift
r ef eTEencAc(‘bFBB_)gIQJwaee-staé&i@e@tes SW'I'sultaﬁhﬂ"&dlcwm AAM3Inpid FefermaenNPUT hose

states until i, ref erence | NPUT increases ove the voltage |evel of
ref er encl® Eh 13868 VifhiA the I@dgﬁ\éﬁ’{ reRpe dsterpaed %(yrr@ ferepeaoliapes REfovang

transi st pEpyP AQ?fgdel re$é‘r‘éh éhﬂbwgﬁkﬁrmés iy m'cré’a%& Q&%Eti tr\{,ﬁ\?{a’l égé" eﬁ?&ﬁo

LRO and thus at output er ence
will reneafereno:eavolta@q REEﬁtwchaﬁtatonmbmltcuIerf&)m w3 tvanshstocdmzt ithhare t O
provi de & | ow si.gnal at

SRR Bt X 1 W AL TN R T T T
QUT20  OUTs; at the output of inverter 512 to become a high signal at B. As a result, a high
signal is realized at the output of exclusive OR gate 518, thus resulting in a low
signal for output reference OUT,. Thus, three-state detector 500 suitably indicates
that input reference INPUT is no longer operating within the mid-level range, but is
in the high state of operation.

25 While the above exemplary embodiment illustrates an example for providing
mid-level detection, it should be noted that various changes and modifications can
be made to three-state detector 500 in accordance with other exemplary
embodiments of the present invention. For example, three-state detector 500 can
be configured with additional input pairs configured to receive additional reference

30 voltages and comprising back-to-back pairs of transistors configured to share a
common node. As a result, additional ranges of voltage can be suitably detected.
In addition, three-state detector 500 can be configured with additional or fewer logic

device configurations, including additional or fewer cascading inverter stages, or any
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15 Accordingly, three-state detector 500 suitably indicates that input
reference INPUT is operating within the md-|evel range determ ned by

ref erencewoaoBbages REF1 and REF2. As input reference | NPBCTASNY/3910€s t o

i ncrease above the voltage |level of reference voltage REF2, such that nore
current bDliarslopia bomfiguration sapableloft providing ausicspondiMg, o@ipue sigrids @UT,, no

| onger result at (gaﬂ_e ) causi,ng _agut put, reference 20 T3 at the output
of inver 5390 QUlac oMerepvergihes PéngHRly witagesand diansister deyjae sizgmal

is reali t : f | NG 1 | ow
ST gnal 1 oy ondhs) BRI IMIPHANGY it Slst e Boffadtel o dafoub tEnd s e ol
i ndi cat eanytnumbergiulifferehbdesige chitdPldT i s no | onger operating within the

1 d- | I . t is i,n the high state of operation. 25 ile the above
exerpt ary enbduadifion s iplrse SO A eSteriog Gokatth sonIsIupes ey
det ect i Ofhreblstateogdidche 50U 85h eY@tbtn W%aﬁﬂ@ré‘{%ﬁéth‘é@‘idt@ﬂiﬁl gé‘”

be made to three-state detector 500 in accordance wth other exenp
enbodi meahsingut tthafepr cisauitt arnprayidesh extesnaliy dioph egthehirtegeatad ecidriitscand 500

can be fLgur Wi i tiopnal input irs configured to receive .
addi ti on ng'Fég'erﬁ%re e%%"ﬁ’i?t i’é;e@gcfﬁga %p‘&@%l% ‘E?&%Eglﬁ& b&T OSW?@_’ ofith
transi st paferaneef iodFigace BOasBfrence generzer 600165 csficureq ot ?ené’r‘é@h?'é’ﬁ%‘t
ranges of voltage can be suitably detected. |In addition, three-state

det et or refereneanvaliagsoREFq @neda eiechna defereremioliags & fromi supply voltage

o e i o . a2 1 t t |
oy 55 S osetels el SR iR, TR M R ConfRines or
pr ovi di ngndnpueppsiatiney teumistdr Megnaling @/EourceOsBdplan cdtoCslsply Ml @Qeev . t he

DC suppl y vol tages and transi stor device sizes, strengths, and L ratios

can al soYr‘lS@U%'E) i"gaisE R ¢RMPSISIGEN FRSISianEp erive ccaiigusaBle nionpeovide a

differen ' i [ L IhgC a . ence
Tol t age. e 9814dd, Htd Fpai? o h-irls) fangRRrd S apeM SRS e MLAIER T T
variidus geoumel sinpuhptdiannehtransisior f\y isasuitabhutorfiguired Wity iesigbte @dnriwcayd ded

ext er nal from, ot her h%fegrated circuits and devices. For exanple, in

accor dant% HRPYHafuek d _aﬂ’&}h%?ﬂ%d"if%‘-‘rﬁtpfv&/'e Hs lEyBe Bt o'gn gurléiregh
referencg GBABH A0S BsikforC Ol Wireditf PErCASTE Jbltige REE! HanlBer &hifsance
r b Ft cc.

vol tage REF1 and a second reference voltage m supply voltage
Ref er encgengratechabihesdrairsof trandgistor Mol udes a resistor divider circuit

gag‘;[;si/g?t aggik'@nésuet, r%?é:rré%?:gegleﬁerrgt%sr'g&oorinc udehsa\élngﬂwear }Seosll'ls[tglSa d?v(i)éjgrl ((a:idrcéi?

20  comprising an input p-channel transistor Mg coupled through its source to supply

voltage Vcc through a resistor R, comprising a resistance value configurable to

provide a desired voltage, and a pair of p-channel transistors Mo and M2 coupled

in series to ground. Input p-channel transistor Ms is also suitably configured with its

gate connected to ground, such that p-channel transistor Ms is always turned “on.”

25  Through operation of the additional resistor divider circuit, reference voltage REF,
can be suitably generated at the drain of transistor M.

As a result, reference generator 600 can provide at least two reference
voltages REF; and REF; to a voltage detection system. It should be noted that the
various resistor values and transistor sizes can be modified depending on the

30 desired output of reference voltages. In addition, one or more additional resistor
divider circuits can be included within reference generator 600 to provide additional

reference voltages, e.g., REFs and REFs. Moreover, reference generator 600 can
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through a resistor Rl, conprising a resistance value configurable to
provide a desired voltage, and a pair of n-channel transistors M1 and ML3
coupl ed iwoOg80s4s60 t 0 15 ground. |nput p-channel transistoPCVRISI%3B06t ably
configured with its gate connected to ground, such that p-channel

transi st be &Bnfigurad viay any unaeder’ oow' kiibwaugh hepgiabfier @evied i pesérsting

di vi der ci{cuit, reference voltage REF1 can be suitably generated at the
drain of "¢/PERRGEYAIAIRS: Li kewi se, reference generator 600 includes another
resistor diviggp & i HPY bal T - i

coupl ed throughéﬂﬁg%gﬂtpgggﬁgﬁsuppPééﬁggﬁﬁggggg%gﬁFﬁ@gﬁgﬁkgéﬁggﬁgS%@bﬁg?
conpri si eyeaptaryi amandiemerdsue Howdveyurtiaddee skiledpimotineleara wi# sievednizel thrae,
and paif_of p-channel. transistors Mag and, ML2 coupled jn series to

or ourts” Fhaieed aBAaRRAINCEHARS S0 be\ERRe "B U uPTabTy S oRPRgH LS IO «
gate conpephifigt foff AHEdscopt bf that pResEhBNAGNtdrANSEST @kalPié St i

t ur ned "on?" 25 Through operation o? t he add“%ional resigﬁﬁ}’dﬁg%ggréus

ci rcui t, pPregessingesiepsl asayelREFthe campbeentsi foabhiryimeneutahedpracesdieg dtepay of

t i st . |t f c at 600 . i de af. | t
b e e MANRDS QR 80 e eiielri® WS e Pl e PRRIHIAT widicdlion BE°
shoul d bp eerigderatiah of By NABEIUST JoBS fiicEbNY BkYES atsPwitH ﬁﬁ@bééfﬁtioﬁicﬁﬁe can

be nodified depending on the 30 desired output of reference voltages. In
addi 19 onsygiaen. odn i dany B of densistar denioesiepnfguredi fos reiforoeng lee uded

withinr . pravi.de Ltiopnal refer e | t ages,
o o Reiendar RutfioRk Rt of ik 8 EksE R Ehler o B s O Rl h AR s 0
PCT/ USO2in3&dded teebe omdluged edthimtrangcopenothensressmowetioh efsesstabtarin deyi sed
for generatin reference voltages. The present invention has been

descri betPlg) CiRi$ reference to various exenplary enbodinents. However,
those skilled in the art wll recognize that 5 changes and nodifications
may be made to the exenplary enbodi nents w thout departing fromthe scope
of the present invention. For exanple, the various processing steps, as
wel | as the conponents for carrying out the processing steps, may be

i npl emented in alternate ways dependi ng upon the particular application or

i n consideration of any number of cost functions associated with the
operation of the 10 system In addition, any type of transistor devices
configured for performng the intended functions can be utilized. These
and ot her changes or nodifications are
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intended to be included within the scope of the present invention, as set
forth in the followng clains. 15 WD 03/054560 PCT/ US02/39176 C ains 1.
An i nput wofoBes4seonfi gured for detecting nmultiple voltagePCaushy3oare hin an
integrated circuit, said input buffer conprising: 5 at |east two
differential input pairs configured iQ@ldmsack-to-back arrangenent and
sharing a common node, said at least two differential input pairs being
configured for receiving an input voltage and at |east two reference

vol tages, inchudi “%rﬁiﬁ#u‘i%ugfe?fc%hﬁﬁgﬁd;’fb'rtc?e@&t il Ig%ﬂaggf@@?g@g}i?o

vol tage; and 10 wherel n said 1 nput er conpares s inp

sai d firsn integiatedmireuilp$aid grepdiliffeaicdmpeisovyd r ef erence vol t age, and
provides a first output, signal,.whepn said,input voltage is |less than said
fi rstgr ef erence voPf a§ast St}y%sgmﬁn@q]t HLP(Ut§P fal CQM‘&HP i ?n%’@?ﬁ'\y%bﬁﬁ e
has a | evel “Obripbbagmt el R 4 2bnihort Ablle! aidtatIBAS! ARFGMAARI AN
sai d second reference 15 voltage, and a third output signal en sai d 1 nput
vol tage i s gr@airer beingn ceafiguredeéancecaifing ean einpat t\eifege2 andheat ilepsit twaf f er

according to ¢claiml, erein saj.d i t buffer | conf.igured for

recei vi ng m)rEef?ﬁ%n?etvé'!ﬁggﬁewgﬁf@éng,aﬁ{r)édgfergﬁaef/gﬁa%%ﬁ@ﬁg?w@w,egeregget han
three out put sbpag:sarePr responding to a conparison of said input voltage
and said nore than two reference voltages. 3. The input buffer according
to cl@im1, wherei Whesgia aaid) swst hufier eimpasiesnsaidl inpipwolipgerte saidpfiiste:

25 a first tr I r i e.c I aid,. first reference .

vol tage; a segéggﬁc%a@%é;%nﬁa%ﬁgseac%égt gqu%u%ﬁée%&p@esaﬁrﬁ{ Pﬁ%\{ﬁe%él P%?ée,

and a sour ceoqtpuplsishd whienssaid ¢eputfvosabd id Idsstinbn @asd fitsbFrefeferiddl Vdltage,

transi stor having a gate coupled to salg second reference volta and a
@ 3

e1
source coupl ed BeCA Pl slONgl when said dRaut veHaeet s sudevel 30f wvrlegeai d
two differentj i fer r i e..4. i fer
according to E?g}lén%}g%aﬁg)&e%{as@{%g r%ﬁ%gbg%ﬁﬁneg?%f %ﬁgh%?'% (%E%ﬂ rs}gﬁér{fafgé
curremt m rrorokage; @irtdsa thicpbetbut gighnal dhewsaild fripert entthgd id pdiePdiahssdi@
second reference voltage.

2. The input buffer according to claim 1, wherein said input buffer is

configured for receiving more than two reference voltages and for generating more

20  than three output signals corresponding to a comparison of said input voltage and
said more than two reference voltages.

3. The input buffer according to claim 1, wherein said at least two
differential input pairs comprise:
25 a first transistor having a gate coupled to said first reference voltage;
a second transistor having a gate coupled to said input voltage, and a
source coupled to a source of said first transistor;
a third transistor having a gate coupled to said second reference
voltage, and a source coupled to said source of said second transistor such
30 that said two differential input buffers share said common node.

4. The input buffer according to claim 3, wherein said input buffer further
comprises two current mirror circuits coupled to said two differential input pairs to

16



16 WO 03/ 054560 PCT/ US02/39176 provide output signals corresponding to a
conpari son of said input voltage and said two reference voltages. 5. The

i nput bufwero3aseser ding to claim4, wherein said two curreRCTRISNY/89176 5
circuits conprise: a fourth transistor having a gate coupled to a drain of
sai d secpruvide oatmit signals sodteapahiding te awonasbrisoneoftszid nmit veibde faindssaid
transist?r;ﬁgfflfth transi stor having a gate coupled to said gate of said
fourth (WAREEERN®E WOIROSS: d drain of said second transistor; 10 a sixth
transi stor having a gate coupled to said drain of said second transi stor,
and a drain coupled to a drain of said third transistor. 6. The input

buf f er accordﬁng t dhelinput Buffethaccairdingdodlainpd; whefdirrsadiditwbeurrendmirioses a
pair inverters, with a first inverter coupled to said drains of said

fi rst 13"?9' C4BPYC and said fourth transistor, and with a second inverter

coupled to said draifgr®f traasidtor Mdvihg @Qéfé%@upléadtosé'cgam % Rald aBgbsg or

wherein said pair of inverters are confrgured to provide output signals
cor r espondi ngtrepsistardandw dfatrpmume@maa daaig of saidifirst g'Bnelstqrut si gnal . 20 7.

The input buffer accggding t aim6, wherein said in

conprises a plural %t t/?frt ftrqusé?qgr Gavinge8 %%tﬁ’pf:?‘é‘?lﬁg o S@'ﬁl 96% H étaicL?OW Vi ng
an input couptrgflsisoramdosHid draififof Saidfsddonttranditer;t er, said i nput .
corresponding to said | ow output signal; a fourth inverter having an input

coupl@d to an out patsigh &angisiwedeving amatawsupkad tasaid drain of seid secend

gat o havi ng | HA0 S A A PPl LS  Al or I e bR e "ane st

fourth inverter; and a fifth inverter having an input coupled to an out put

of said exclusive 30.0? ate, and an out put corresponding to said
m d-1 evel out ﬁut Si Bﬁd‘ﬂpu uffey 366G 1® cAiMcR. (hgreln sriddBpuichyifgy farther

but 1 or - oryE peL B P iBerteBh it o FDs e ) GBS el Bt of SAIisEP

15  transistor and said fourth transistor, and with a second inverter coupled to said
drains of said third transistor and said sixth transistor, wherein said pair of inverters
are configured to provide output signals corresponding to said low output signal and
said high output signal.

20 7. The input buffer according to claim 6, wherein said input buffer further
comprises a plurality of logic devices comprising:
a third inverter having an input coupled to an output of said first
inverter, said input corresponding to said low output signal;
a fourth inverter having an input coupled to an output of said second
25 inverter, said fourth inverter having an output corresponding to said high
output signal;
an exclusive OR gate having inputs coupled to outputs of said third
inverter and said fourth inverter; and
a fifth inverter having an input coupled to an output of said exclusive
30 OR gate, and an output corresponding to said mid-level output signal.

8. An input buffer circuit for detecting a mid-level voltage range of
operation of an integrated circuit, said input buffer circuit comprising:
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a reference generator configured for receiving a supply voltage and for
generating two reference voltages, said two reference vol tages representing
a first rwbesenser vol t age and a second reference voltage, PEaU$0E3000d
reference voltage being greater than said first reference voltage; 5 a

mul ti-state detectarefessrideggeretatarconégeredi fogreoeiving at supply agleagendnd $&i d

t f | t d, wh i id ti- te detector conpares
sai d { nput vl RGETS G PGt VPERGReRal DR T SIGE R AU SCEBBREEntng
reference vah tigge reRFENEE VHIBGE anbli éSEec%HoOH‘éfe?ét 'voﬁﬂt%bg?ﬁ%(r?cﬁs‘?é%&%ﬁgfea

| ow i nput signal when said input voltage is |ess an sai nce

vol tage, a sd€tarane® veliegrbekiggraptas dhare spicrfitstigferenae mollagevel i nput ;
signgl when said i : t S | evel .of vol.tage between that of, sai
fi ?s? ref erence vo%]ﬁaglg's\é%% 8%%‘%‘% s%‘?’?;wr?%f@rr éﬁ%eé‘”{?& ?%d@?l_‘taﬁ_ﬂlt‘%gq FAd

out put si gnalsaidtweseferehes vblages Ah@hwhaRirn saidomalti-slendsictbr cEH?H;??r‘é%l tage

is greater than said second reference voltage. 15 9. The input buffer
circuit accorBhdRy \Qlizom 9 saidirsl refersngerliegenand sgieheecanst raference

figured f erati addi td I t id two
Fef er nce.vol \Ckagg: A gy ASE fra Sl LR EREBI AT o iRy AR e
generating audugn isai@hinmmvmltageiigrias? tkrar; rse'mpﬁnruﬂiref;arém@ v@?g@@;[rﬁmoﬂﬂt sai d
i | t 20 i d additijon ref erence. voltages. ) e inpu
buf f2r " ci e QLT SEoh g4 B REORFIRG (0 v Gt VS P POl viee <At gy
e e e AL
accordi ng to SAIGSACN] refesersea veliage, tansl adhird eutputi signalnrtespohbiersto a

conprise: a fj.rst. i.stor,having a te coupl.ed to, saj,d first reference
volrr{)age; a sg‘é@id”%’@i%ﬁé@%’oWhﬁﬁvPﬂ'gi H“Fg‘it ol I'%oprteatesrahfr\ r?ﬁl}{ SRSPPYge,
and a 30 soutkeenedIpblegyd.0 a source of said first transistor; a third

transistor having a gate coupled to said second reference voltage, and a
soufee coupled to said source of said second transistor such that said two

differential g nputrfuidGh S 1 Gt SEBPIRE o995 slSvherein said reference

generator is configured for generating additional reference voltages than said two
reference voltages, and said multi-state detector is configured for generating
additional output signals corresponding to a comparison of said input voltage and

20  said additional reference voltages.

10.  The input buffer circuit according to claim 8, wherein said multi-state
detector comprises two differential input buffers configured in a back-to-back

arrangement and sharing a common node.

25
11. The input buffer circuit according to claim 10, wherein said two
differential input buffers comprise:
a first transistor having a gate coupled to said first reference voltage;
a second transistor having a gate coupled to said input voltage, and a
30 source coupled to a source of said first transistor;

a third transistor having a gate coupled to said second reference
voltage, and a source coupled to said source of said second transistor such

that said two differential input buffers share said common node.

18



WD 03/ 054560 PCT/ US02/39176 12. The input buffer circuit according to claim
11, wherein said first transistor, said second transistor and said third
transi st owomsptssee n- channel transistor devices. 5 13. Paa/usapssti7duf f er
circuit according to claim1l, wherein said multi-state detector further
conprises two current mrror circuits coupled to said two differenti al

input buffers to provide output signals corresponding to a conparison of
said input vdEt agdhgninRidi Bufero Ciresibragresding) iagdaim 101, 1whemeia saigufirst
buffer CibRukloraGeRy défét%nhotr‘é'n@fs%rlénd"‘ﬁéﬁe'ﬂﬂrosaﬁ S48 C&qrrﬁerﬁpalte thadtel
circuits conprise: a tourth transistor having a gate coup 0 a draln of
sai d sectadsistaralesicstsor, and a drain coupled to a drain of said first
transistor; 15 a fifth transistor having a gate coupled to said gate of
said Tourth transistor and said drain of said second transistor; a sixth

transistor haysng FhgahguCHuRiesdift 3 'ofcg]iﬁ;;gbfaé#n $ Qhé?egrg%%? H@géiaﬁéor,

and a drain coupled to a drain of sai transi stor. I nput
buf f er ciietegtar fagber domgrises dwaiocurrent mitrer eircuitsacalipted to saidaive differertiadr

further [ air of jnyerters, with a.first inverter coupled t
said . dr SPNE ohTEsfoyBrvieg opteli Siandls cargsRaiting g hoTParispa A igUi ¢ n
a secondyoliRy 484 saltoMR] RferlePcedioflagédsi ns of said third transistor and said
sixth transistor, wherein said paifr of inverters being configured to

provi®le output signals corresponding to said low 25 output signal and said

wharein Sai d i ToE g Wt R A Biutd Il 3L et o RyB ey

devi ces eimer ¢cigduitg.comnpride:d i nverter having an input coupled to an output
of said first 30 inverter, said input corresponding to said |ow output
signal ; a fourth iavieritertransistey hayinggugaicocpurladtte ardrain plisaist seaord

said nigh ouraursSfuing 8 ah gt B e Wt Al BRL Bubg ST coponding o
15 a fifth transistor having a gate coupled to said gate of said fourth
transistor and said drain of said second transistor;
a sixth transistor having a gate coupled to said drain of said second
transistor, and a drain coupled to a drain of said third transistor.

20 15.  The input buffer circuit according to claim 14, wherein said multi-state
detector further comprises a pair of inverters, with a first inverter coupled to said
drains of said first transistor and said fourth transistor, and with a second inverter
coupled to said drains of said third transistor and said sixth transistor, wherein said
pair of inverters being configured to provide output signals corresponding to said low

25  output signal and said high output signal.

16.  The input buffer circuit according to claim 15, wherein said multi-state
detector further comprises a plurality of logic devices comprising:
a third inverter having an input coupled to an output of said first
30 inverter, said input corresponding to said low output signal;
a fourth inverter having an input coupled to an output of said second
inverter, said fourth inverter having an output corresponding to said high
output signal;
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an exclusive OR gate having inputs coupled to outputs of said third
inverter and said fourth inverter; and a fifth inverter having an input
coupl ed twoan/opsbput of said exclusive OR gate, and an ORCPIIS02/39176
corresponding to said md-level output signal. 5 17. A multi-state detector

for identifying nubhigksusies R gdteviedimg énpslis i cogipleth & @iuitsuts off sid third
integrated circuit device, said nulti-state detector conprising: a first

differential iMVserpogrsaid EQIRH igUeder@8E receiving a first reference

vol tage and an i nputguelhRoer : : ' ' ' f :
configured for recéif\llfm)\‘g a segcj?g%% %’Z?@Lgn%eljpj/%q f@lé@aééuntgﬂggf anl‘din%ﬁ{Iuswe

vol t age, sai d(Ofegaty] atidfdreoeiput edbrresgordimy {d said rmieHegelcountpupsigad.t o share a
conmon node with said first differential buffer, and wherein said

mul ti=state detector conpares said input voltage to said 15 first

reference vol yage ﬂ”ﬁ)&tﬁbfété‘%@%ﬁof %ﬁfa%ﬂﬁ@iq@)HLﬁﬁJ@F 1BOEISPEOVA) 80rin

out put signal when said i nput voltage has eve vol tage bet'ween that
of sai doperationraffagriotegsaied cieoyé davites said maliesidte détmctorcmpidiage and
provi des anot her out put..si gnal .wh id ipput voltage has | evel of

Vol tage of at | eaSiShaifEreREL LR RS confpied fooreraneg 3 it dse shee
greater than gaitshe Z20d 2pGAPGt Voifageence vol tage. 18. The nulti-state
detector of claim 17, wherein said nulti-state detector provides at |east

thretd states of op@rsgeand diffareptialvinget buffer goefigunest fasnecelving emsanongi ns

i1 hi Dt ; . g it tor decodi
States wthinSaraten sty St Rad e BT Llg o R
claim 17, whebeing senfifured 36 shafé er ediin®In hode twith ebiefirsttiff&rahdalsieeRard
differential input buffer conprise: a first transistor having a gate

coupled to saP@dfirst reference vol tage; 30 a second transistor having a

gate coupled to sams}é]gl%@'?ﬁdﬂﬁ%?ate, giri’toﬁ%BH{rp%?é%'éFae Jt%oﬂaaggégs%iéd)f

said first transis ransi s aving a ga ouple
secord ref er efirst referbhe @oltagsl aadssald csecondplesteh e saltdgeound eprolideai gh

second transistor such 20 WO 03/054560 PCT/ US0Q2/ 39176
output signal when said input voltage has a level of voltage between that of
said first reference voltage and said second reference voltage and provides
another output signal when said input voltage has a level of voltage of at
least one of less than said first reference voltage and greater than said

20 second reference voltage.

18.  The multi-state detector of claim 17, wherein said multi-state detector
provides at least three states of operation that provide multiple functions to
command pins within an integrated circuit to increase capabilities for decoding

25  states within said integrated circuit.

19.  The multi-state detector of claim 17, wherein said first differential input
buffer and said second differential input buffer comprise:
a first transistor having a gate coupled to said first reference voltage;
30 a second transistor having a gate coupled to said input voltage, and a
source coupled to a source of said first transistor;
a third transistor having a gate coupled to said second reference
voltage, and a source coupled to said source of said second transistor such
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that said two differential input buffers share said common node to mnimze
current consunption by said first differential input buffer and said second
di f f erentwalosjopsoa buffer. 5 20. A nmethod for detecting necriyshzsdiesel s of
vol tage during operation of an integrated circuit device, said nethod

conpri si ng thehst epid tofo diffecential igpLarbuffepsishend sagiecamehan hodstio mahanhiece
voltage in a first differential input buffer; receivi n% sai d i nput vol tage
¢

and a second CEM@NERADSUBIRtIRRCDY Paid ity diffetsniiadiinped, BHtfenpnangAie srponer |

providing a fig 'lgap?rl when said input voltage is at a voltage
| evel bel ow t%ﬁérgﬁﬂéghéuﬂ)rs ‘reference voltage and said second reference

vol tage; providing a second output signal corresponding to said voltage

| evel _ when sagjd input voltage .is.  at saj ol tage | evel between that  of
sl d Birer 100t b Bty it imkCuttmiinte IRt v bR o GReraen osea
provi din LH Qi N I ok di e is at a voltage

| evel abg@%gtﬂg?%@%ﬂégl |§§? Té@?eﬁgﬂﬁyﬁgg{&ggﬁg%ﬂai d second reference
vol tage. 20 21. Theeneivingd anciyudi vajtage ehdi an PG} refarehee \wadigge &1 iy firsie

steps of: proyidin t |east eight decoded states of operation
cor r espondi ng w%eregg?@npﬂﬁﬁ?ﬁﬁrput signal, said mid-level output signal, and

sai d high output  sEaE/NGMSEROMPUtNGSIRAR BAJCANBBIEhAIrEfer&aeE nBRESini B an
integrated circuit. 25 2Z2. The method according to claim 20, where in said
secom@ dif f er @ecpad differgotialbopeiebuffer, peovidiggreetrst auipud sigoal avhisacsaid input

but for. 25, AvPor s ahaciapaars TRER Mat rsEEnistfdbpics BV Sl bBR: age
within an 30 detbparefetehsd Veltide;devi ce, said nulti-state detector

comprising a first differential input buffer configured for receiving a
first reference vareMgnchadsesendngutbut, signaleomrespeRsing/tossaidyoltage level

PCT/ US02/ 39176, 205 860N thfllt T HaGat fsaht E&gﬂ{/ol\%ﬁe{ g%ve?%\klggé 2@8{] of JoRE Gl NG

a second referenceé voqu age ang said in €, sal
di ffegential irsfaméndeilbleage bed sgidcsatonduetstehce sbidige, arfd r st common node
with said first differential input ) o ,
providing a third ‘output signal when said input voltage is at a voltage
level above that of said first reference voltage and said second reference

voltage.

20 21. The method according to claim 20, further comprising the steps of:
providing at least eight decoded states of operation corresponding to
said low output signal, said mid-level output signal, and said high output

signal without increasing command pin requirements in an integrated circuit.

25 22. The method according to claim 20, where in said second differential
input buffer is configured in a back-to-back arrangement and sharing a common

node with said first differential input buffer.

23. A multi-state detector for detecting multiple levels of voltage within an
30 integrated circuit device, said multi-state detector comprising
a first differential input buffer configured for receiving a first reference

voltage and an input voltage;
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buffer; 5 a first current mrror circuit coupled to said first differential
I nput buffer to provide an output signal corresponding to a conparison of
sai d i npuwoO mso545ege and said first reference voltage, andPaTdsSopsd7€urrent
mrror circuit coupled to said second differential input buffer to provide

an out put si gnal carseemmwcdiiiff@enwaltihput@mﬁarimnﬁgon‘edsacbrdrecb&/im@wtsewoh@age
and said second reference voltage, said first current mrror circuit an
second cur r enfERI§NGE Vv twrﬂd §ﬁ'§r'ﬂﬁl§]f @'E@?@ﬁé'%%fﬁ?ﬁﬂﬂj ﬁ@@@nt@.'”M@Uffer
mul ti-state dgber! Hnmerod i 8adts flticBiRon HRRESHith SAthdlieraiial fput
detector conpares sald 1 nput voltage to sard 1irst reference voltage and
sai d second [b&ffeef erence voltage, and provi des an out put signal when said
i nput. vol t age has %Ctlgevel of, volta

e hetween, that o i.d first reference
Vol t e and sal 4 s BBRHCWEPaEES KR CRBIathiS SRIGVIT8ba T RIRA LN B cp e
si gnal when sgd GrbRBEt al WBiBLE shipsl %o'n%‘éﬁbn@ifng Pl @Sﬁwﬁ%sag 6e8sid At Of
| ess than said first reference voltage and gréater than sal secon
ref erence vol valgge aod 22id first reference voltage, and
a second current mirror circuit coupled to said second differential input
buffer to provide an output signal corresponding to the comparison of said
10 input voltage and said second reference voltage, said first current mirror

circuit and second current mirror circuit sharing a second common node.

24.  The multi-state detector according to claim 23, wherein said multi-state
detector compares said input voltage to said first reference voltage and said second
15 reference voltage, and provides an output signal when said input voltage has a level
of voltage between that of said first reference voltage and said second reference
voltage and provides another output signal when said input voltage has a level of
voltage of at least one of less than said first reference voltage and greater than said
second reference voltage.
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