26 MAR 2004 WO 011"9967 PCT/ US00/ 26547 METHOD AND APPARATUS FOR %lRI Nﬁ;
COVPENSATED BUFFERS BACKGROUND As technol ogy advances, the nunber 200
transistors within a die, the nunber of die fabricated on a semnm conduct or

waf er, overall size of the sem conductor wafer i ease.
gk BTl ReRa

Conseque variations in the manufacturing process nay

transi stors across a sem conductor wafer having varying operational
performance characteristics. This may result in die within close proximty
of each other on a sem conductor wafer to operate differently even though

they wepg-{HBp ﬁ&U’AP@ﬁ‘F@&ﬂQS%@QF@@NWdMIﬁ@CWPEN@me?D‘BUF‘PER?@'di tion,

t he physical "arrangenent of transistors wthin a die as conpared to the
arrangenment of other transistors may result in some of the transistors
under goi ng greater el ectro-nechanical stress during operation. This

probl em may be further acerbated by the operating conditions, such as
tenpera@ﬁigwanpl e, which may be inposed upon the device by a

consuner. If the variation in perfornmance becones too extrene, the device

may operate Quf@icHRoldd ddvageed carEelumberpt dlaneistyrsawithiatzod®y thd f this
occurs, the device may not be sold and is usually scrapped for failing to

Teet | ORer ALl ke CABALLILONS, ATARKRLARctok HEarBN IR thePiraRbizgRAIhaCt ur i ng

sem condu ie’isincrease east In'part to the loss of die that

had to be,scrciapped dye to their upacce tab{e \Perfor Tance. 2 6 MAR 2004
semiconductor wafer ali increase. Consequently, vanations in the

manufacturing process may result in transistors across a semiconductor
wafer having varying operational performance characteristics. This may result
in die within close proximity of each other on a semiconductor wafer to operate
differently even though they were manufactured .using substantiaily the same
process.

In addition, the physical arrangement of transistors within a die as
compared to the arrangement of other transistors may result in some of the
transistors undergoing greater electro-mechanical stress during operation.
This problem may be further acerbated by the operafing conditions, such e;s
temperature, for example, which may be imposed upon the device by a
consumer. If the variation in performance becomes too extreme, the device
may operate outside the range deemed acceptable by a customer. If this
occurs, the device may not be sold and is usually scrapped for failing to meet
operational conditions. Therefore, the overall cost of manufacturing
semiconductor die is increased due at least in part to the loss of die that had

to be scrapped due to their unacceptable performance.



WO 01/ 29967 PCT/ USO00/ 26547 Thi s probl em of performance vari ati on;rrgy pﬁ .
addressed by adding additional circuitry to a die that nodul ate HEAR 7004
performance of sonme of the transistors within the die. One such techni que
i s desqy,l jp U S Patent No. 5,869,983 entitled "Mt ar at us
for @;‘??@ﬁﬂ?dﬁg Conmpensated Buffers”, issued to IIkabaha?e-gfL?gag?é?Pon
February 9, 1999, which is assigned to the sane assignee as the present

i nvention. However, it may be desirable to provide a solution that has
even greater flexibility. BRI EF DESCRI PTI ON OF THE DRAW NGS The subj ect

matter regar defl dsotiBf bNYERbABNES VBARLGS whay b ARirésed By taddimg
distinctly clained in the concluding portion of the specification. The

{oget neACHRPRT Sipuiyabs Bk e B OEAR T A R Aok R R B e

understood by reference to the follow ng detail ed description when read
with t h&rangiséerspaityndgedtian Aee sughuasHaueigsdeschitediinmazkPatend Nan
representation of a portion of an integrated circuit having a conpensati on
uni t ang,86308pentided CMetabdangenerator in accordance with an enbodi nent
of the present invention; FIG 2 is a schematic diagramrepresentation of

t he enbodi ment of the 2 2 6 MAR 2004 WD 01) 9967 PCT/ USOQ 26547
conpensation unit shown in FIG 1; and

Apparatus for Controlling Compensated Buffers”, issued to llkabahar et
al., on February 9, 1998, which is assigned to the same assignee as the
present invention. However, it may be desirable to provide a solution that has

even greater flexibility.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to organization and method of operation, together
with objects, features, and advantages thereof, may best be understood by
reference to the following detailed description when read with the
accompanying drawings in which:

FIG. 1 is a block diagram representation of a portion of an integrated
circuit having a compensation unit and a compensation value generator in
accordance with an embodiment of the present invention;

FIG. 2 is a schematic diagram representation of the embodiment of the



FIG 3 is a graph illustrating the effect the enbodi nent of FIG 1
have upon the performance of sone transistors in the integrated m?EmR 2904
will be appreciated that for sinplicity and clarity of illustration,

elenments illustrated in the figures have not necessarily been drawn to

scal e. WR812¥4Anpl e, the dinensions of some of the el enePEBUANR6857agger at ed
relative to other elenents for clarity. Further, where considered
appropriate, reference nunerals have been repeated anong the figures to

i ndi cate correspondi ng or anal ogous el ements. DETAI LED DESCRI PTION In the

foll ow ng det ail. desgriptio nuner ous specific details are set forth in
or der t88ﬁ5‘rp§v"|sahg’i%o§ '%E@Tgt%ﬂ‘gi ng of the invention. However, it

wi Il be understood by those skilled in the art that the present invention
may be pracfi®ed i@t daoh Husdadinggheiafiest tha ambﬁdimenmfkfgﬁ.nnsmances,

wel | - known net hods, procedures, conmponents and circuits have not been
descr i bedve mpodethai perfarnamceost somehsmsisotshien thedsiyraiedverdiion. FIG 1 is
a bl ock diagramrepresentation of a portion of an integrated circuit 10 in
accordance with an enbodi nent of the invention. Enbodinents of the present
invention may include a variety of devices. Al though the invention is not

limted in sgQ in_this. respect, integrated circuit. 10 conprise a 3 2
6 MAR 2004 v@@ﬁpﬁg@%@r%@‘}?@%f@%gmﬁ&ﬂ ia&%&af'tys%ftrﬂlﬁfé% or devices
including, for exanple, a m.croprocessor, a mcrocontroller, a static
r andom Slémearys Wirtrated dmtng figuresyhrye oot aneessardy bees drewortp s, a
non-vol atile nenory, or the like.

For example, the dimensions of some of the elements are exaggerated

relative to other elements for clarity. Further, where considered appropriate,

reference numerals have been repeated among the figures to indicate

corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However, it
will be understood by those skilled in the art that the present invention may be
practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in
detail so as not to obscure the present invention.

FIG. 1 is a block diagram representation of a portion of an integrated
circuit 10 in accordance with an embodiment of the invention. Embodiments of
the present invention may include a variety of devices. Although the invention

is not limited in scope in this respect, integrated circuit 10 may comprise a



In this enbodi nent, integrated circuit 10 may include a conpensati § Egk%ﬁ
generator 15. In this context, a conpensation val ue generator S 04
any device that receives as input signals two or nore values and perforns
operations upon those received values to produce a value as an out put

si gnal WRAV*R8Y perform mat heiatical al gorithms (i.e., p?65@§§%§¥4hnth a
variety of conpensation values to provide integrated circuit 10 with an
updat ed conpensation value that may be used to adjust the performance of

all or part of integrated circuit 10. As explai ned in nore detail herein
bel ow, | sfors or
SW tches t [b?gsﬁégggcs)?s(&fﬁgr d%%&%eﬁbg{%do S;ég]% Povi dbﬁ ?%’E 'fferent

sources to cal cuI ate an _updat ed conpensat i 0 al ue. The conpensation

val ues PrerOssRkEdligfy ac%ﬁfb%ﬁ%’&@?'@na‘:%sd'@eﬁg%:z h@ HEYATHHFRNAN di gi t al
val ues provided by sources external to conpensation value generator 15
such asaoctéss meimaryi(DRAM frenpop-votatie inemapry, ordbelikent erf ace, or the i ke.
The updat ed conpensation value may then used by other portions of

integrated cid fid eridbdiet, inCUTALE Bkt 80 10UhERISIudS REbRplenshiién
performance of other transistors (not shown) within integrated circuit 10

hown | e bR 45 HhibdniBle, b CRRBEREAIGE AL cBinerals, “15h 2 6 v

2004 WO 01/ 9967 PCTI US0026547 processes conpensation values 18 and 19 to be

provi defOBRrigeHany ‘-”IVtR?a’chaér@CQ'Heérﬂf ipput sigegEc WS er yorRov@ves andt shoul d
be understood that conpensation value generator 15 nay be nodified so as
t o procpsdornpbpeddtiong upon those received values to produce a value as an

output signal that may perform mathematical algorithms (i.e., processes) with
a variety of compensation values to provide integrated circuit 10 with an
updated compensation value that may be used to adjust the performance of all
or part of integrated circuit 10.

As explained in more detail herein below, compensation value
generator 15 may include logic transistors or switches that process the
compensation value provided by two different sources to calculate an updated
compensation value. The compensation values processed by compensati'on
value generator 15 may comprise digital values provided by sources external
to compensation value generator 15 such as other circuitry, memory locations,
a user interface, or the like. The updated compensation value may then used
by other portions of integrated circuit 10 (e.g., compensation buffers) to adjust
the performance of other transistors (not shown) within integrated circuit 10 by
input/output {I/O) drivers or a compensated buffer, for example.

As shown in the example of FIG. 1, compensation value generator 15



of conpensation values and that the present invention is not Iim'tzeg @gR Zﬂql’
adding just two values. In addition, neither of conpensation val ues a
19 need to be stored. in a nmenory |ocation as they may be provided

dynam qallyy-&3, desired. Conpensation value 18 represents a hinar
conpensation value that is deternined by other circuitr S35

external to integrated circuit 10. An exanple of such circuitry is shown
in FIG 2. Although the inventionis not I|imted in scope in this respect,
Fig. 2 illustrates circuitry that may be used to determ ne conpensation

9. 2, tes circui _ _ | n
value 18roddiesiddibihsaldicluies 18 SAMMYRA Yokl b ARhdial i s connecte

to a conparator 35 and transistors 31-3 erstood that the
present . inyenti i t limted tq this particylar onfiguration as

anot her ’%%??@85?;}g;?”@é?fé%s%%‘ijﬁ"aﬁfbe‘q%&r%&é%%?@gt%un iR BBt ransi st ors
connected to conpensation unit 30 can be altered. Sinply stated,

conpens &eMpengation yalye gpoeraioahd anay Pei modiied subsdetprooess Beplunatitysi st or s
within integrated circuit 10. This analysis results in generating a

conpensaf compeakation Waludssants eiehtiie girbeentpavehbios iDhot ingerabedidied rcuit 10
to enploy the appropriate conpensation. Thus, the conpensation value is a

sequenc i % wiRat ikl S f4at is by the
conpensaiy ouduafiss. o HBR R B I Tt R keRy Pt TP RS

enbodi ngnt ,illustrated in FIG 2 onparator 35 ¢ ar es reference

vol t ageDpesef 18,2 Risiaonogglonas tHRY My P GIoRrEY I Yaa e hea® 37, The

vol tagedgéirgé)de 37 is determned at |least in part by the voltage provided
at .

Compensation value 18 represents a binary compensation value that is
determined by other circuitry within or extemnal to integrated circuit 10. An
example of such circuitry is shown in FIG. 2. Although the invention is not
limited in scope in this respect, Fig. 2 illustrates circuitry that may be used to
determine compensation value 18. The circuitry includes a compensation unit
30 that is connected to a comparator 35 and transistors 31-33. It should be
understood that the present invention is not limited to this particular
configuration as another comparator device could be employed and the
number of transistors connected to compensation unit 30 can be altered.

Simply stated, compensation unit 30 performs an analysis on a sub-set
of the transistors within integrated circuit 10. This analysis results in
generating a compensation value that is used by other portions of integrated
circuit 10 to employ the appropriate compensation. Thus, the compensation
value is a sequence of binary values that indicates the result of the analysis by

the compensation unit.



node 38 (e.g., power supply voltage, Vcc) and the voltage drop dug ﬁOMAR 2004
current flow ng through resistor elenent 40. Logic circuitry wtHi
conpensation unit 30 is used to enabl e/ di sabl e each of transistors 31-33

until tHhsgoGMbd-ent flow through transistors 31-33 is sufflic) that the
voltage at node 37 is approximately equal to the vol tag%égﬂyg%§§836. The

state of each of transistors 31-33 (i.e., enabled or disabled) is
determ ned by conpensation unit 30 and represents all or part of
conpensation value 18 (see FIG 1). Conpensation value 18 may then be

stored in a peferymboarhefNilLStraRWin FICRCN&GorSaHa$éC55 coffifares @ be
dynam cally provided to adder 15 as desired. Turning back to FIG 1,

conpensat.i rat.qr : epsation.val ue 19
ot or od TreaBeg MotAgIINRER 4 notk 3 3airk 85 PR o EBET AT bhBR o1 T <
enbodi nent of the Brgsent, I nventjon as conpensation val ue 19_&3% be
dynani cHIg Yolagsk RLBaCE 3 /cisRRiaEaNesAlVaRsldn ReEhRY She vollage pevidediabl e.
Conpensation val ue 19 conprises an adjustable value that may be vari ed,

f or examuleed8 {dugoLppwenstprly sroftagh, Hsc)tdared thesvaltagengnap/ due putursgrst em ( Bl OS)
that is used to control the operation of integrated circuit 10. For

exanpl enowm?nh&mgh reyiger alatert 80ViloRiS EﬁBui%? WSROI RS ESSAA oty unit
m crocontrollers, or the like are turned on, the integrated circuit may

e o G e s R

I nstruc ioni.g ‘The BI I nstructions my be used for a variety of reasons

and maynRUASEENFISIGEH elsdf iy aPlficienti soninRt the vPliegychnededit i t. In
approximately equal to the voltage at node 36. The state of each of transistors
31-33 (i.e., enabied or disabled) is determined by compensation unit 30 and
represents all or part of compensation value 18 (see FIG. 1), Compensation
value 18 may then be stored in a memory location 16 (e.g., cache, register,
etc.) or be dynamically provided to adder 15 as desired.

Turning back to FIG. 1, compensation value generator 15 also
processes a compensation value 19 stored in memory location 17. Again, this
is not a requirement of this embodiment of the present invention as
compensation value 18 may be dynamically provided to compensation value
generator 15, for example. Compensation value 19 comprises an adjustable
value that may be vaned, for example, through software such as the basic
input/output system (BIOS) that is used to control the operation of integrated
circuit 10.

For example, when some integrated circuits such as microprocessors,

microcontroilers, or the like are turned on, the integrated circuit may begin an



particular, the BIOS instructions may be used to initialize valu SM%e%h'qg
in registers, flags, etc. Accordingly, in an alternative enbodi

present invention, the BICS instructions nay be used to | oad nenory

| ocati owolpd/2e8d7h a conpensation val ue. Therefore, the ValP‘é%‘fl'IQﬁ?.@Q?i nto
menory |location 17 nmay be pre-determ ned by the manufacturer of 1ntegrated
circuit 10 so that an initial value is stored each tine integrated circuit
10 is turned on. Furthernore, the initial value may be adjusted by a
consuner who has the ability to nodify the BIGS instructions. Turning back

to the éniiatizatemt rautinest Tl eustiuctiBh&ford thecioitipdingtidn esutinéainasy B s&RBRr i ses
an adj ustabl e or programmabl e conpensation value that 1is used to fine-tune

the per f2r@myS th<dfuctivhed "'ﬁffeem@Srlﬁé’d'L’ictJé:gs %b@%’dtfﬂfjs ‘Q{glet)t/ gk ue of

conpensati on value 19 nmay be determ ne ast 1n part act ual

vaI ue of e n 8, a predicte ensat val ue
8, aeig/% QE &géqéslségjnf p'ieﬁﬁgtl ugs Uh{heo'f]% 'é?‘r“g ‘rHeS| red
for | nt egr at ed CI rCU|t 10. However, it should be understood that the scope
of thi S8R ReEIOS istructions may be usesdodnitiatitevalugh woragompensat i on
value 19 may be used to add to, reduce, or adjust the conpensation val ue

provi dedegibiersditggm st dwcondihg§Din Fhizteprativedesbbaimdteffthaeresshing of the
corrpensatlon that is applied to the transistors in integrated circuit 10.

7.2 6 MRS, 2 BIOBIRGIHANHUB01ERATy koAbl ISGIRAN RN Val ue

19 may be a bi nary string determ néd y an integrated crrcuit manuf act ur er
to inpr 8"(?0&8&%9% a\SéIBQ Glthére org tee\(fjalue loaded into memory location 17

may be pre-determined by the manufacturer of integrated circuit 10 so that an
initial value is stored each time integrated circuit 10 is turned on. Furthermore,
the initial value may be adjusted by a consumer who has the ability to modify
the BIOS instructions.

Turning back to the embediment illustrated in FIG. 1, compensation
value 18 comprises an adjustable or programmable compensation value that
is used to fine-tune the performance of integrated circuit 10. The magnitude or

value of compensation value 18 may be determined at least in part by the
actual vaiue of compensation value 18, a predicted value for compensation
value 18, or a value that represents the least amount of compensation desired
for integrated circuit 10. However, it should be understood that the scope of
this embodiment is not limited to these examples. Thus, compensation value
19 may be used to add to, reduce, or adjust the compensation value provided
by compensation unit 30. This provides for the fine tuning of the compensation

that is applied to the transistors in integrated circuit 10.



circuit 10 for applications having particular tenperature, vol tagﬁ,
frequency, etc., ranges. A manufacturer may al so adjust conpensa i &MAR 2084
19 to reduce the electro-nechanical stress of transistors within

I nt egr af@hipbdssui t 10.  Such tuning nmay be beneficial ng on_a
~variety of factors such as the package used to encase |ﬁ’tc§d %@Q&“&i rcuit

10 or the application of a particular custoner, for exanple. FIG 3 is
provided to illustrate one exanple of how an embodi ment of the pr esent
i nvention may be used to adjust the performance of an integrated circuit.

In this exaﬁpin&addlﬂér@%&hﬁén%tr&ﬁl'vb!u%O‘l9 ) ASdHE gsa QP\%WEWB@%TW%)' oxi de

sem conduct or (PMOS) and n-channel netal sem con

eapect . CEPR e DR A AR IS Bl Paerekos BRirasTeRdst i cs of

one PMOS devi CF (I I ne 50) agai nst an NMOS device (line 51). As shown, the
NVOs  dedfed 1&faigpplisatione irving pardicriondemeerature, Gottageudeaugncy he

sourcing vs. sinking capability of transistors within integrated circuit

50 may neftt., bengeteal maGofectoneznhhy alid adjayt bempeasatdnh ealuz adjtyst the sl ope
of NMOS devices to inprove the operation of integrated circuit 10. Mre

parti cul gh¥e tife @%B?@ﬁ@dh‘éﬂldﬁ?'étnes?{ﬁhrﬁ%:%lﬁﬁs MRire Eg@@rdtgd':f% l%mtzm may be

used to adjust the perfornmance of the NMOS devi ces.

conpens th unt _of .c tion desi red and 8 2
o iR 2otk i b rid Bee ko ebaenBRBiLe YoretiatRe s.guc?m sy be

i mpl errenqég Wi th conpensation circuitry énot shown). Thus, a conpensation
circuit age usgddogfcase 'ﬂFﬁQrﬁF%'é'F‘FLt’W pr the application of a particutar

customer, for example.

FIG. 3 is provided to illustrate one example of how an embodiment of
the present invention may be used to adjust the performance of an integrated
circuit. In this example, integrated circuit 10 includes both p-channel metal-
oxide semiconductor (PMOS) and n-channel metal-oxide semiconductor
(NMOS) transistors, although the invention is not limited in scope in this
respect. FIG. 3 is a graph of the current/voltage (1/V) characteristics of one
PMOS device (line 50) against an NMOS device (line 51). As shown, the NMOS
device is not as linear as the PMOS device. Consequently, the sourcing vs.
sinking capability of fransistors within integrated circuit 50 may not be ideal.
Consequently, it may be desirable to adjust the slope of NMOS devices to
improve the operation of integrated circuit 10.

More particularly, a compensation unit; such as the one shown in FIG. 2,
may be used to adjust the performance of the NMOS devices. For example, a

compensation unit may determine the amount of compensation desired and



t he NMOS devices as shown in FIG 3 with lines 60 and 61 (the 6
unconpensat ed performance indicated with line 60 and the conpensat gd MAR 2004
performance indicated with line 61). The magnitude of the effect of the
corrpens%ioqg J5§ indicated in FIG 3 with a bracket 62. The coerensation

that iS50 FP4°7ed to adjust the performance is represent é§&TAS% M4 Aar y,
conpensation value. Thus, an enbodi nent of the present invention my

enploy a conparison circuit that conpares the operation of a PMOS

transi stor against the operation of an NMOS transistor to generate a

conpensat:i i L hi l.ustied: ] ti.on.value is
Chon adais (otRriatoh YA indy it e e RE A WIRE L S ERAREHEA S RNKE o 15
(see FI 1) to ovide integrated circuit 10 with an updated conpensation
val ue. I??P‘o%@"@ﬂbo iR it 90@@#3@%%@ CERUY B1AYebg siseH A rshekreasitn®! bi nary,
bit-by-bit addition of conpensation value 18 and conpensation value 19 to
provi de tnNMAStdayicesd asishowa iodTioe Bswith onesy 80lEnd61 (Mg ernatively, it may
be desirable for conpensation value generator 15 to perform other
processiyRgompenBake patyrRanhds Mdiegddtwiem linBldd bbHi et ¢@Rpefsaled simply
determ ne which of a set of values is larger. Consequently, conpensation
val ue g . I fhn ' e I on val ue that
i's basegggp%gé‘é‘:{lﬁ}dﬁ%%gr@&gﬁn%66P'ungﬁﬁ?ﬁ@*&%oﬁFpg\%sgﬁ%n&itﬁ%ues t hat may
be provided fromdjifferent  .s ces.. 9 6 MAR 20Q4 WD 0129967

PCTI USOEPPPERTARR S (heiratad @a%- Sd’ﬁ‘ﬁbﬁi’é@?‘&‘ﬂ &fal 3@%59@%@@“@5 that

cal cul ated conpensation value 25 nmay be used by conpensation circuitry,
such asisautilized to adjust the performance is represented as a binary, compensation

vaiue. Thus, an embodiment of the present invention may employ a
comparison circuit that compares the operation of a PMOS transistor against
the operation of an NMOS transistor to generate a compensation value. This
adjusted or programmable compensation vaiue is then added to the
compensation value by compensation value generator 15 (see FIG. 1) to
provide integrated circuit 10 with an updated compensation value.

in one embodiment, compensation vaiue generator 15 performs binary,
bit-by-bit addition of compensation value 18 and compensation value 19 to
provide an updated calculated compensation value 25. Alternatively, it may be
desirable for compensation value generator 15 to perform other processing
such as only partial addition, multiplication, or to simply determine which of a
set of values is larger. Consequently, compensation value generator 15
generates a final or calculated compensation value that is based at least in
part on a plurality of compensation values that may be provided from different

sources.



conpensated buffer 28, to adjust the operational performance of gnm@tmﬁiﬁ
circuit 10. For exanple, in one enbodi nent, conpensated buffer 2

decode cal cul at ed conpensati on value 25 and activate the appropriate

ci rcui tr}su }29 ?r ovide integrated circuit 10 with the desired corj?ensat I on.
As showi Q%2 8/ G 1, calculated compensation val ue 25 may BELBEPLIFAal | y
stored in a nenory |ocation 26. However, this is not intended as a
limtation of the present invention and it should be understood that
conpensation value 25 nay be provided directly to conpensated buffer 28.

I n anot her emhnd HBRErated B\ rhBBRSAfSH VAILE ) added to the
circuit shown in EIEG palesolyeﬁ]a? l(1:orr|5ensat edé%rlag?q\% crageg'g?@gs
conpensation val.ue 1 ensation, value 19, or cal cul ated conpensati on
valbe > gomrsreRLSTyale 2RHEY B boR oY aiBeansain B ke wictupS Poad) wr i Lo
signal line may be added to allow an externally generated value to be ,
wr i t t encpripengatest huffecdBi thadpist the eperationa meroreasag ediintegratednt egr at ed
circuit 10 may include a clanp 27 that is connected to the cal cul ated

conpensgircgin 10al fer @ampleyinede diybodiment abipensatadeb gercP@ingdy 15 as shown
in FIG 1. However, it should be understood that clanp 27 may be omtted

and ¢ he gegg LLaRibgimBERAS efluel 25 SRR B FRULS oSl SHAG! o

cl anp. re, c I s designed to have an accept anp rangé and is
4520, OuS B8 ek b 501 BRSPS oS RRRIRN. B B
PCT/ US00/ 26547 cal cul at ed con‘gerr:svat[dé)g vrglau% 25 |I S HOt within the
accept aFil@. i agrjeulated gompensation va 5 y be optionally stored in a

memory location 26. However, this is not intended as a limitation of the

present invention and it should be understood that compensation vaiue 25

may be provided directly to compensated buffer 28. In another embodiment,

selection circuitry (not shown) may be added to the circuit shown in FIG. 1 so

that compensated buffer 28 receives compensation value 18, compensation

value 19, or calculated compensation value 25. Furthermore, in yet another

embodiment, an external read/write signal line may be added to allow an

externallty generated value to be written into memory location 26.

in one altemative embodiment, integrated circuit 10 may include a

clamp 27 that is connected to the calculated compensation value 25 provided

by compensation value generator 15 as shown in FIG. 1. However, it should

be understood that clamp 27 may be omitted and the invention is not restricted

in scope to require inclusion of a clamp. Here, clamp 27 is designed to have

an acceptable clamp range and is used to determine if the value generated by

compensation value generator 15 is outside this acceptable range. If

10



clanp 27 may intervene to provide conpensated buffer 28 with an aibe}ylmté ﬁﬁz
conpensation value. This feature may be desirable, for exanple, I 0
conpensati on val ue 18 and/ or conpensation value 19 conprise a negative

val ue, & difz9é¢3€ processing perforned by conpensation valdeer g&figsator 15
results in a value that is an undesirable adjustnent in the perfornmance of

Integrated circuit 10. For exanple, clanp 27 nay be used to ensure a

sel ected m ni mal anount of conpensation or to prevent excessive
conpensation within integrated circuit 10. In yet another alternative
enbodi neaiculatedprepensatioralvakeldS imyobwithpr thel desbpigble reegegshaf fuses 20
or stored in a non-volatile nmenory (e.g. electrically erasable and

progr angedthg Z?eﬁ‘t‘éefqméfvéﬁ@% Yré&EE Wpens%'té‘@bﬁﬁéﬁ‘bé%w

e
read-only nenory , Flash EEPROV] etc.) located w ﬁl n or ext ernal to

have an SO Rt B ot i PR o P 9??“%’%&!6% & e ¢

manuf act uri ng condi tions or target per formance specifications of integrated
ci r cui t CRMRARSRLIon Heale JiSopnd/er opmpgrsadian; \wiue dSueomagsea peeativeet to
provide alternative values which in turn will inprove the ability of the
conpens atlug) auiif thet pracessingr pexdprmséd biyecopepdrmationoevd genkegtoatiéd circuit
10. In addition, conpensation value 19 may be provided to integrated

circuit redtd i'ﬁ@%fh@tﬂé?% a'n”&ﬁtﬁéﬁ&?ole %d}lﬁ‘ﬁhehmrﬁﬂf n%@rfgﬁ%at?@e ofor exanpl e,

a bus or register that allows a user to row de conpensation value 19 from
Gi ve of IREPaL SIS LCe Bk, SPE Aoty 1 vee fF ghoifes TS ™
selected minimal amount of compensation or to prevent excessive
compensation within integrated circuit 10.
In yet another alternative embodiment, compensation value 18 may be
provided by a series of fuses 20 or stored in a non-volatile memory (e.g.,
electrically erasable and programmable read-only memory (EEPROM),
electrically programmable read-only memory (EPROM), Flash EEPROM, etc.)
located within or external to integrated circuit 10. This embodiment allows
integrated circuit 10 to have an initial compensation value as desired. For
example, as the manufacturing conditions or target performance specifications
of integrated circuit 10 vary, the appropriate compensation value may be pre-
set to provide alternative values which in tumn will improve the ability of the
compensation unit to further adjust the performance of integrated circuit 10.
In addition, compensation value 19 may be provided to integrated circuit
10 through a user interface. A user interface may be, for example, a bus or

register that allows a user to provide compensation value 19 from an external

11



consunmer the flexibility to adjust the amount of compensation appQi @BMAR 2004
within integrated circuit 10, for exanple. By nowit should be appreciated
that this enbodi ment of the present invention provides a circuit for

conpens&id fgrebire performance of an integrated circuit. Tpt’ﬁ 5@%@‘
of fers advantages not available with prior techniques, such as scri bed

in aforenentioned US Patent 5,869,983 because this enbodi nent allows the
conpensati on value provided by two or nore sources to be conbined as
desired to provide for inproved tuning of the performance of integrated

ci rcui t ssolceorThiechay giveseitidrthalrhamnedcfuoer skdeaitegthteantrealt drwp
conpensation values and did not provide for the processing of the two

val ues teorﬁg@ﬁéﬂﬁ;@ﬂéﬂb{@/nﬁﬁé!dﬁjs&ﬂ% a\‘\’ﬁﬁjrﬁ%?g% : erl;%gzzh %ﬁ'%lﬂﬁf {vitlh the two

i nput val ues. Thus I 'ment | ust r at pr ovi des
erX|b|I1 0 aval l able. Wiile certain features of the

i nventi off %ﬁi\?geq[o‘é'g (ﬁ)tﬁ){?{e gﬁjlﬁnd descri bed herein, many nodifications,
substitutions, chan es and equivalents will now occur to those skilled in
the art. For Bx&@w & sheulibbe mppresiates Batibsiembedisientsofiibepresant or t he
processing of nultiple input values. It is, therefore, to be understood

t hat t heinapptodpcovidies aeciaiui ﬁontcemjmlhshdngdkxerperf@lrmaauel‘ofrmdirftégr&ité@ns and
changes as fall within the true spirit of the invention. 12 2 6 MAR 2004

Wat is &P&llt‘mﬁhibsemﬂedtﬁ{brltrBf?&?;aatd%andde%utht MBHE,SWRQI ﬁorcorrpensatl on

unit capable of providing a first conpensation val ue; conpensati on

val ue gepenalRlesC2hAP5E RlsdbReeRSAMBkha ﬁn&ﬁéosbscﬁmi’erﬂséfs's%fbé’f' He

because this embodiment allows the compensation value provided by two or
more sources to be combined as desired to provide for improved tuning of the
performance of integrated circuits. Prior techniques only allowed for selecting
one of two compensation values and did not provide for the processing of the
two values to provide a third value that was based at least in part on the two
input values. Thus, the embodiment illustrated in FIGs. 1-2 provides flexibility
not previously available.

While certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes, and
equivalents will now occur to those skilled in the art. For example, adder 15
could be modified so as to allow for the processing of multiple input values. |t
is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

12



and a second conpensation value to provide a third conpensation valRug;MARED04
second conpensation value determ ned externally to the integrated circuit.
2. The integrated circuit of claim1, and further conprising at |east one
menory | ocation capable of storing the second conpensation value. 3. The

i nt egrate‘g]é i.rquit of claim1, and further conprising a conpensated buffer
that is af&é"o‘i%’“%‘?‘sr eceiving at |least one of the first conpensation val ue,

t he second conpensation value, and the third conpensation value. 4. The

i nt egr at ;d Ci rcuj% of claim1, .and further conprising fuses coupled to
provide a foutt ReBBHRISHEUt o8 8% ue, and wherein the conpensation val ue

generator is capmpematith unficabkSif p@vidivg af firkisbmpanmnsalueandval ue, the
second conpensation value, and the fourth co nsation val ue to provide
B B SOBR SR

the third comfeRBREISEPAYZ]ug8enertorraRableff RERees SEPEPIPANAANE 1, and

further Gaankdcshd@nipdfiQtio@lRltegrolde BHON BfpéditionsaieNde seomeNsat i on val ue.
6. The integrated g{‘]‘rcuit .of clai H]%L and further, conprising a non-vol atile

memory  |BBBESHIPNYAUE Peerminedsrtstnely i theinegrb ¢ 'édhpensat i on val ue. 7. The
integrated circuit of claim1, and further conprising at |east one nenory

| ocation that _is capable of storing, the third conpensation vall ue. 8. The
i ntegrat &d ci r]élﬁi"tte%‘fte‘i:“f‘%ﬁ“l‘rloﬁ?]a%]e?’éq furthey comprising %&ﬁ}éﬁ%&'ﬁm{%ﬁ AR is a

digital MgbleranfneMIBEbEESntpaRsaRble, Sum of the first conpensation value
and the second conpensation value. 9. The integrated circuit of claim1l,

and further conprising: a conpensated buffer capable of receiving the third

conpensaty, on Vil WRegrabileifedit 3f flaiRakdRfthéd compAIincOstRRAkated blifté thppensat ed
buffer, wherein the clanp has a clanp range, an .
capable of receiving at least one of the first compensation value, the second compensation

value, and the third compensation value.

4, The integrated circuit of claim 1, and further comprising fuses coupled to provide a
fourth compensation value, and wherein the compensation value generator is capable of
processing the first compensation value, the second compensation value, and the fourth

compensation value to provide the third compensation value.

5. The integrated circuit of claim 1, and further comprising fuses coupled to provide the

second compensation value.

6. The integrated circuit of claim 1, and further comprising a non-volatile memory

location coupled to provide the second compensation value.

7. The integrated circuit of claim 1, and further comprising at least one memory location

that is capable of storing the third compensation value.

8. The integrated circuit of claim 1, wherein the third compensation value is a digital
value and comprises the binary sum of the first compensation value and the second

compensation value.

9. The integrated circuit of claim 1, and further comprising:

a compensated buffer capable of receiving the third compensation value; and

13



wherein the clanp provides a clanped conpensated val ue to the conmlefisMAR4
buffer if the third conpensation value is not with the clanp range. 10. A
system conprising: a conpensation unit to provide a first conpensation

val ue; at |east one nenory |ocation, said at | east one |location to contain

a second conpensation | ue; a co nsat ed buffer: conpensati on . val ue
generator t hat? AR otRlsd i, borpheisales e NP hrocidre ha A C e Teng Al
conpensat wigein the ¢Bndp@prvides ia dRnipbicongiepaated ahlae tothé dodipendated bafferipthat ed
conpensat ho& val ue. 1%{. The sys em of claim 10 wherein the conpensation
val ue gerfBFRFUPPERIRT KN '8 nof VI fBe §'3PRIME® bi nary addition of at |east a
portion of the first conpensation value and at |least a portion of the
second conpensation value. 12. The system of claim 10, and further
conpri si n@? a pEGIe $APISR8 - channel et al - oxi de seni conduct or  ( PMOS)

transistors; @coplpdhisatiod vhit@h proviidaming tomifinadtioR¥ilde sem conduct or ( NMOS)
transistors; a conparison circuit that conpares the operatiqgn of at |east a
portion of the PREsSne MeRAg;legalipn sad gt leasbonsdesalien Biforpingise§a8st a portion of
the NMOS dohpBsshdnOfatue; Wherein the conparison circuit generates the second
conpensati on val ue based gn the conparison. 13. The system of clai m 10,
wherein the syktoBwensated5ulleted to a user interface to provide the second

conpensati on Vaddipenshffon Vel oE@A6AMARombinesthé fikOCipefdai€h vald am@RENSat ed
buffer; nmeans for generating a first conpensation value; neans for storing
the fir Stsegqgﬁﬁ@ﬂgeé}pqt@ﬁ valye E)d),rowde the compensated buffer with an updated compensation

value,

11. The system of claim 10 wherein the compensation value generator is capable of
performing binary addition of at least a portion of the first compensation value and at least a

portion of the second compensation vaiue.

12. The system of claim 10, and further comprising:

a plurality of p-channel metal-oxide semiconductor (PMOS) transistors;

a plurality of n-channel metal-oxide semiconductor (NMOS) transistors;

a comparison circuit that compares the operation of at least a portion of the PMOS
transistors and the operation of at least a portion of the NMOS transistors, wherein the

comparison circuit generates the second compensation value based on the comparison.

13. The system of claim 10, wherein the system is coupled to a user interface to provide

the second compensation value.

14. An integrated circuit comprising:
a compensated buffer;
means for generating a first compensation value;
means for storing the first compensation value;
means for generating a second compensation value;
means for processing the first compensation value and the second compensation value

to provide the compensated buffer with a third compensated value.

14



means for generating a second conpensation val ue; nmeans for prociiis/m% &E@
first conpensation value and the second conpensation value to p
conpensated buffer with a third conpensated value. 14 2 6 MAR 2004 15. The
integrated ci rcuit of claim 14 wherei n the means for processing the first
conpensat Iue and.the.s ation aI ue a neans for
addi ng thg f|r ¢ ntg ﬁ%gﬁg"utltoﬁ Ilue arﬁl('ﬁf Héemslsecoﬁr(?cesf)'n%g]ﬁggstl on val ue. 16.
The int eg:roatmntaﬂmaﬂuetan@fhecémndmd@enmdn falud indndes @ mEansongldimgalmsfirstor
storing the f f ”R??QF on val ue,. 1 Ef second conpensation value, and
the third E@ﬁ??&“?a‘fa 6t &%‘*‘0“‘1‘70‘“%“%%'%‘0‘1 ¥ conprising: a conpensation unit

having a plurality of transistors, wherein at |east a portion of the

plurality of tr.ansi stors. i s termnln rst digital
G A R e P AR o R
conpensat doapensatistevaludwtle secomqoaipsmiatianvalie| amd tigehied adnpensisipabdlee. of conbi ni ng
at least a portion of the first digital conpensation value with at |east a
portion of the second digital conpensation value to provide a third

di gital cpmpensairbutomptisigg: 18. The circuit of claim 17, and further

conprising a clanp havin cla and a ated buf f wher ei n
t he cl arrp is A Bayien ‘8?‘3'\?“&3 %l%ﬁgg% %ff"@d‘"l?%)'? aiy'eagf ¢ pPryon ‘ﬁ@fﬁ't h

digital ﬁ(?%ﬁfrhr@[&tdfﬁﬂs'dﬁ:pablfe of Beteriimingla Hispdipiad] cofpepsmisavalon val ue is not
V\nthlnthe anp range. 1 The Cléﬁlﬂlt of claim 17 erein the

conpensat i on vaa‘PEfEO"éé‘?‘Fé'i‘%{‘t F storingasseqnd digifpl coppensglion valleigi™ar y addi ti on of

the first digida&mpessangvahie dg@ﬁbrﬁ‘t&ld&?atﬂé\@fobﬂﬁmﬁfg(hﬂlkﬁktélpgﬂtbabftheﬁf’ﬁpensatIOn
valueto(i)rowdethethlrd ital co r}satlon valu] 20 Amefhod of
conpensat g]l&l compepsatip val;éeow éqaﬁtg: portlono the second digital compensation va

provide a third digital compensation value.

ue to

18. The circuit of claim 17, and further comprising a clamp having a clamp range and a
compensated buffer, wherein the clamp is capable of providing a compensated buffer with a
fourth digital compensation value if the third digital compensation value is not within the

clamp range.

19. The circuit of claim 17 wherein the compensation value generator is capable of
performing binary addition of the first digital compensation value and the second digital

compensation value to provide the third digital compensation value.

20. A method of compensating a circuit, comprising;
generating a first digital compensation value within an integrated circuit;
generating a second digital compensation value externally to the integrated circuit
and;
processing the first digital compensation value and the second digital compensation

value to generate a third compensation value.

21. The method of claim 20 wherein generating a second digital compensation value
includes comparing the operation of a first plurality of transistors against the operation of a

second plurality of transistors.

22, The method of claim 21 wherein the circuit includes an n-channel metal-oxide
15



generating a first digital conpensation value within an integrateqhﬁir izgu
generating a second digital conpensation value externally to the i é@ﬁgt g

circuit and; processing the first digital conpensation value and the second
digital conpensation value to generate a third conpensation value. 21. The

met hod of cl ai 0 r.epn nerat i a.,second. digi.tal, co tion val ue
includes’%WﬁﬁggkﬁﬁaWQ§sgk8F§fr8ﬁﬂ%?&%m?§ ?Bfﬂ? ‘?deﬁmﬁygﬁgﬁstors

agai nst tthmsistpg aed the methbd AirtheCi@€lndEs Pbipading the oPératidrodT3heSOIOS. traddstorThe net hod
of claim2 erein t? k' it jncludes an n-channel netal -oxide 15 2 6
MAR 2004 $EWNE BRFERICRS gf k&§§"?FﬁW§istor and a p-channel netal - oxide

sem conductor (PMOS) transistor, and the nethod further includes conparing

the operation Qf the NMOS transistor wth the operation of the PMOS

transi st %3.- 23&6@%@&1 o1 wharein RosessiRg B}eé{gﬁ digigleompersgtionielueiapd ¢ g gi t al
conpensatth®gcyrl digitabffinpehABoSRAMRNACIHed hd dig £ RARAPDAIRQN théFird Qigditac] udes
adding at least a portion of the first digital conpensation value to at

| east a FOPPPURHSTVatuR o atdeasiiapogtiayiof e seeonp disialicrmaensationegalup4 The net hod of
claim 20 wherein the step of generating the second conpensation val ue

i ncl udes | oadi ng a conpensation value in accordance with a BIOS
instructidn. 1¥he method of claim 20 wherein the step of generating the second compensation

value includes loading a compensation value in accordance with a BIOS instruction.
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