WO 01/ 29967 PCT/ USCO 26547 NMETHOD AND APPARATUS FOR CONTROLLI NG
COVPENSATED BUFFERS BACKGROUND As technol ogy advances, the nunber of
transi st or sSWRiOIR%7a die, the nunber of die fabricated on pcrEestiresguct or
waf er, and the overall size of the sem conductor wafer all increase.
Consequently, variations in the manufacturing process may result in
transistors across a sem conductor wafer having varying operational

per f or mance teristics. This may result in die within close proximty
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t hey were manufactured using substantially the same process. In addition,

t he physical arrangenent of transistors within a die as conpared to the

arrangenment of other transistors may result in some of the transistors

under goi ng BAGKSRQGIWNELX r o- mechani cal stress during operation. This
problem may be further acerbated by the operating conditions, such as

tenperature, for which may be inposed, upan, the .device by a
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may operate outside the range deemed acceptable by a custoner. If this
occurs, t he "YBReE O gig, fabricated om i semiconducton wafsr, andthp avetalt sitaof theg t o
neet operational conditions. Therefore, the overall cost of manufacturing
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had to be scrapped due to their unacceptabl e performance. WD 01/ 29967

PCT/ US00/ 26afahufacturing 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 substantially 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 operating conditions, such as
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 failiﬁg’ to -rr;eet .
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.



Thi s probl em of perforrmance variation nmay be addressed by addi ng additi onal

circuitry t ie.that nodul ates the perfornmance of sonme of the
transi stors‘g?\n%#élsﬁ"the die. One such technique is descri bedPFﬁR%‘.’%z.“ﬁatent

No. 5,869,983 entitled "Method and Apparatus for Controlling Conpensated
Buffers", issued to |ikabahar et al., on February 9, 1999, which is
assigned to the sane assignee as the present invention. However, it may be

desirabl e to provipeprobiemUu suHdrivincBaarialivh iy Balaidréssdy by lHdtihg BRI EF
DESCRI PTI ON OF THE W NGS The subject matter regarded as the invention is

particul arl ' L JigStd | ' [ portion
of the spec%f1 ?@fgﬁ %g?fr 8#% tglggq/'gr%ﬁ%tlorﬂfahhlé%%vg{re?%&rﬁ\%gtog%@%%gr I on and
met hod of operation, 1aQ her ith objects, features, d advant ages

t hereof, ma é@ﬁ%éﬂlﬁfﬂgﬁ%ﬁ&d% schjft@F H‘GHet’%dPﬁ‘ér't?Qﬁa{]noWasrgg Qf@f‘gNPed
description when read with the acconpanying drawings in which: FIG 1 is a
bl ock di agr &86%983 estitled 'Mathed angortion of an integrated circuit having
a conpensation unit and a conpensation val ue generator in accordance with

an enbodi rent of the present invention; FIG 2 is a schematic diagram
representation of the enbodi ment of the 2 WD 01/29967 PCTI USOJ 26547

conpensati on uni i - i ' Il ' t he
compensarion un d}kﬁ??}fﬂg? fﬁrI ébﬁfmﬁgg%ﬁér%at@d Bufferd”, el toURdbahhP et

al., on February 9, 1999, 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



have upon the performance of some transistors in the integfated circuit. It
wll be appreciated that for sinplicity and clarity of illustration,

el emrentWO8120%0r ated in the figures have not necessari| yPEHERORSE4In t o
scale. For exanple, the dinensions of some of the el enents are exaggerated
relative to other elenents for clarity. Further, where considered
appropriate, reference nunerals have been repeated anong the figures to

i ndi cat ecgn%géisﬁigﬁqﬁ%ip&‘&&nwﬁggqugnﬁl ements. DETAI LED DESCRIPTION In the.

follown escription, nuherous specific details are set forth in

order to provide. a thorough understanding.of the jnventi wever, it
will be undefé‘&a@d‘stﬂlgﬁﬁ’g‘sﬂugﬁqmge € %?cﬁ h%p{nrhngpepﬂ@f ghsﬁomayi nvention
may be practiced without these specific details. In other instances,

vel | - kndvaveneponthe perfornancaof semepsarsistorsinithe indegratedheireuihot been
described in detail so as not to obscure the present invention. FIG 1 is

a bl ock diagramrepresentation of a portion of :an integrated <circuit 10 in
accordance with an enbodi nent of the invention. Enbodi nents of the present

| nvention MY by Ypofeciatethiit R sifliGBPand\cldityahill8gationent i on s not

limted in scope In IS respect, integrated circuit 10 nay conprise a 3
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menory (SRAM, a dynam ¢ random accests rrérmrn¥ (tDRAI\/p, a non-é/ol atile
menory, fer examplex the dimensions of some of the elements are ‘exaggerate

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 enbodinments integrated circuit 10 may include a conpensation val ue
gener at or In this context, a conpensation val ue generator | ses

15, conpr
any devi ce M7 cei ves as i nput signals two or nore val uESTARRO28341 £ or ns

operations upon those received values to produce a value as an out put
signal that may perform mat hematical algorithns (i.e., processes) with a
variety of conpensation values to provide integrated circuit 10 with an

updat ed conpgagatgr QamYc%ﬂdgacfd?%\ﬁ@é iglﬁlugsﬁfg? fooex4thprel atrh%r@ﬁfé);cggig?{‘ %e of

all or part of"integrated circuit 1 expl arned in nore erein
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sources to cal cul ate an _updated conpensation value. The conpensation

val ues pr ocReefss meme Mi 3 monyalatile meereeah oF theslikgy conprise digital
val ues provided by sources external to conpensation value generator 15
such as ot her ciincthist embodiementy integrated oiscuit 40 usay include Baammpensation | i ke.
The updat ed conpensation value may then used by other portions of

integrate e@g?égteheﬂa@or( £5.91n 1S EBRRNAL mgﬁéﬂowvétee g8hefdtor t he

per f or manc er transistors (not s wthin infegrated circuit 10
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be understood t hat
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 sourceé to calculate an updated
compensation value. The compensation values processed by compensation
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

4



conpensati on val ue generator 15 nmay be nodified so as to process a

pluralit of conpensation values and that the present invention is not
limted ‘?8“5{&%#@ just two values. In addition, neither %ﬁT’HW@fgat i on
values 18 and 19 need to be stored in a nenory |ocation as they nay be
provi ded dynam cally as desired. Conpensation value 18 represents a binary
conpensation value that is determned by other circuitry within or

external ?Bﬁ%%ﬂhﬁﬁn&tf&wéluég-m%d ABBE pRovideld By Thefdry Y. | s Shown -

in FIG e 1nventron I s not ope In"this respect,
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to a conparator 35 and transistors 31-33. It should be understood that the
present GempRNSaonyvalde genarater 16 gnayibe madified saias te precess amlwalitys -

anot her conparator device could be enployed and the nunber of transistors

connect eaftoompensationtvalwes and tRst therpresenl inwention 3 npt Imited te ddding
conpensation unit 30 perforns an analysis on a sub-set of the transistors

wi thin i ngaaet pilues.” wbbdion, RBitRertoRtfipensation Valubs 189RRET 9 ricad B

conpensation value that is used by other portions of integrated <circuit 10

sequence 25 SBr &L 8 Wie bl (EREHER 38, thaY may e mrbdBet WRERIEAES o< 5y "t he
conpensatjon unit. 5. WD 01/29967 PCT/USOJ 26547 In the enbodi nent
i 11 ustratde$ired-Fl G 2, conparator 35 conpares a '

Compensation value 18 represents a binary compensation value that is
determined by other circuitry within or external 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 ciréuitry 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 comparatof device could be employed and the
number of transistors connected to compénsation 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.




ref erence voltage (VREF) at node 36 agai nst the voltage provided at node
37. The VQyhdPseegs node 37 is determined at least in part Py, ‘gtage
provided at node 38 (e.g., power supply voltage, Vcc) and ti ;Ug_&ﬁég e drop
due to current flow ng through resistor elenment 40. Logic circuitry within
conpensation unit 30 is used to enabl e/ di sable each of transistors 31-33

until the current flow through transistors 31-33 is sufficient so that the

vol tage at node Wth@emﬂrméntﬂmwategwﬂetg &&Qp&pétbna c%fm;mé@a% The
state of each of tranS|stors 31-33 (i.e., enabled or disabled)

ggtrgtranmsg'? ?on val ue 1 RF—'Tr)é "ﬁge%n%ééﬁgf; ?g‘ﬁﬁ@ alﬂ&oﬂég@%bo@%(’% be
dynar cal 1y THEOH nés'a%ff%togg S dforined Bf [t YPa by the oolead preyidad at
corrpensatlon val ue generator 15 also processes a conpensation value 19

stored i n nBAge B8 (e pewensupply ¥oiage, M) and the voliage drop due ko carfrenthi s
enbodi ment of the present invention as conpensation value 19 may be

dynani cal | yfiowing thedugie resistoe elsment 40/ al ogic deuithaivithinlSompensation hhie -
Conmpensation value 19 conprises an adjustable value that may be var| ed,

for exanpl egptiff@l g'lo%hfab\’@aﬁ l'é%cf’?‘?o“?ﬁs; %1 @BHﬁI/tﬂgtéﬂh‘fenWB

(BICS) that 1s used to contro t he opera egrate circurt 10. For
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begin an _ GaXD;;rog(ilragt%?ngqupﬂé LtJhSti.) %l%a69594;t node 36. The state of each of transistors
31-33 (i.e., enabled 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.

R Turning back to FIG. 1, compensation value generator 15 also
processes a compensation value 18 stored in memory location 17. Again, this
is not a requirement of this embodiment of the present invention as
compensation value 19 may be dynamically provided to compensation value
generator 15, for example. Compensation value 19 comprises an adjustable
value that may be varied, 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,

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

6



initialization routine. The instructions for the initialization routisne may

be §tor%01§§96gl CS instructions. The BIOS instructions nf()ﬁw%? for a
vari ety oOf feasons and may be used to pre-set values within e I ntegrated

circuit. In particular, the BIOS instructions nay be used to initialize
values stored in registers, flags, etc. Accordingly, in an alternative
enbodi nent of the present invention, the BIOS instructions may be used to

| oad nengitislizationt iottind.” The ihstracBon® firthbiinitialigdtion rolineahay de stbred/al ue
| oaded into nenory | ocation 17 nmay be pre-determ ned by the manufacturer

of inte e hitnd O ; hniLi [ : ch time
.integr gﬁﬁg? ?’?:g&ﬂ&@?ﬂ&i ;ﬁi t% uéf|lr?§zl|'§r?{uch§+r]% hhﬂ&yngélg,ngtfﬁreéiR'%ﬁgﬂa val ue may be
adjusted by a consunmer who has the ability.to nodi t he .Bl '
st r ucPaRats S0 Y badised B rkesat Slnes it B lolsberled stput an 1
conpensation value 19 conprises an adjustabl e or programmabl e conpensation
val ue t tparticular, the BIOS instiuctionremayebe used teninitializer valdes gtereddnci rcuit 10.
The magni tude or val ue of conpensation value 19 may be determ ned at | east
in part registérs, flags, ett. Wocordinglys e miternativeverhbeditint of the gresert  val ue
for conpensation value 18, or a value that represents the | east anmount of

conpensahiiiciethd BIOS!iASretdtl a9 be LESAS Ik mRERY Socatidn FhMled] De

understood that the scope of this enbodinent is imted. to these
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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 embodiment illustrated in FIG. 1, compensation
value 19 comprises an adjustable or programmable compensation value that
ié used to fine-tune the performance of integratéd circuit 10. The magnitude or
value of compensation value 19 may be determined at least in part by the
actual value of compensation value 18, a predicted value for compensation
value 18, or a value that represents the Iea.st amount of corﬁpensation 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 adjtjst 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.
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1 WO 01/29967 PCT/ US00/ 26547 1n addition, conpensation value 19 may be a
bi nary stri m ned by an integrated circuit manufactu ' ove
t he oper at i‘gﬁoijfgpﬁt egrated circuit 10 for applications ha&ﬁﬁ@ﬁ“&ﬁ?’gm ar
tenperature, voltage, frequency, etc., ranges. A manufacturer nmay al so
adj ust conpensation value 19 to reduce the el ectro-nechanical stress of
transistors within integrated circuit 10. Such tuning may be benefi ci al

dependi ng on a vayi é;%dm&{, d‘m'f\%éﬂsl‘htiﬁl’l%lﬁ ngbﬁay Bé%‘ﬁﬂl{%&@% detenhfed

integrated circuit or the "application a particular cdstoner, for

exanpl e. FI 3 i.s, provided to | t.e. A A di ment
of The. pr esthan Bt ol a3t s8 AP PRy BlriEaaIeE
integrated circuit. In this exanple, integrated circuit 10 includes both
p- channel meiEguit tkfor@pplicationsthavieg PaHiautsr temperaturellagre fraAuensYde

sem conductor (NMOS) transistors, although the inventionis not limted in
scope i n t hietc.,rangest A raddifagtursr may aipb adjust icompensation valueat@tq | N)
characteristics of one PMOS device (line 50) against an NMOS device (line

51). As showpdukhehdlfidztrodmechanical 89es$of trafisiafors withie iftbEfated Gireait 10,
Consequently, the sourcing vs. sinking capability of tranSistors within

nt Ced o =0 > _ I ; i abl

to ad ust  t nauH bins pih Banciationd i 67 SVl ¥t acoR R R 70 o

BT 2 T R T B F
| e,

cranpn e, A 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 (I/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 transistors 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
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canpensation unit may determ ne the anmount of conpensation.desired and 8 WO
01/ 29967 PCT/ USOQO 26547 this conpensation is then nmay be im%IQement ed with
conpens MUY rcuitry (not shown). Thus, a conpensati oRCEUSEM4Tay be
used adjust the linearity of the NMOS devices as shown in FIG 3 with
lines 60 and. 61- (the wunconpensated performance indicated with |line 60
and the conpensated performance indicated with Iine 61). The magnitude of

h ffq t ket 62.

the Comith STARRGHTRRR ) AESLARNEN i, Speieitd il s
b I T t S
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PMOS tran5| stor against the operation of an NMOS transistor to generate a

conpensdhe MO[ %V'Cq?nﬁ§ shgwinistRIG. Srwith dines 6Rand:6& dtheensat i on val ue is

then added to the conpensation value by conpensation val ue generator 15

(see FI @ncompensated performatieg indieated withiline 160 wndhtheacornpdnsated
conpensati on value. In one enbodi ment, conpensation val ue generator 15

per f or My dhidiRvarice lﬁﬂlbaié\‘r\mtﬁ |Iﬁé§1§ ThehaGAMRAD Bf qé)@ffé!&'dl’et he8 and

conpensation value 19 to provide an upda ated conpensation val ue
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or to sinpl ter ne which of a set of values 'is |arger. Consequently,
conpensnguHﬁZQEF%ﬁ wﬁé’aepsrfomaan@wemr%eraemafaﬁ hma'a/mcemeﬁr@atwn

conpensation value that is based at least in
value. Thus, an embodiment of the present invention may employ a

comparison circuit that compares the operation of a PM_QS transistor against
the operation of an NMOS transistor to generate a compensation value. This
adjusted or programmable compensation value is then added to the
compensation value by eompensation value generator 15 (see FIG. 1) to
provide integrated circuit 10 with an updated compensation value.

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

sources.



part on a plurality: of -conpensation values that may be provided from
different sources. 9 WO 01/29967 PCT/ USOQ 26547 Once generated b
conpensat i IMOPHRYET genet at or 15, cal cul ated conpensati on vaPGEUSH/I6EY7 be
used by conpensation circuitry, such as a conpensated buffer 28, to adjust
the operational performance of integrated circuit 10. For exanple, in one
enbodi nent, conpensated buffer 28 nay decode cal cul ated conpensati on val ue

25 and activate e a ' L pLoMd, 4t circuit 10
with the desired @ﬁ@%@%ﬁﬁﬁféﬁ(g&ﬂ%ﬁ%ﬂé@ﬁé&%ﬁ cgl@uﬁg{cggaqg%rrpensat i on
val ue 25 may be opti onal ored in a, nmenory locatiqgn 26. However, this

i s not intec@apensation ivﬁl‘éafé BaYobe uged Wr‘é%@ﬁ?“?ag\?@r@ﬁcb’ﬁryarﬁﬁ’ t8%Roul d be
under stood that conpensation value 25 may be provided directly to
conpensat ed confpemsate’! buffera2ftheadjustitbeiapenational edormance of ntegrafed not
shown) may be added to the circuit shown in FIG | so that conpensated

buffer 28 regpiiYqe. cRomR@EmMRieOin ot Bmbblimenteentpensated hffarc28lfayor
cal cul at ed conpensati on value 25. Furthernore, in yet another enbodi nent,

e e iy

gener at ed val uée o nenory loca ternatl ve
enbodi nent, .inteqgrated circuit . may_ j.hclude clamp,27 that,is connected
to the cal cd® 9[%‘8"%8?58%%‘3P%"'@gpdﬂﬁkﬁ’epﬁ%%f%’gwmw%&?ﬁe %PPBW“J& ue
generator 15 as shown in FIG 1. However, it should be understood that
clanp 27 mafiGe1onaiculatedpamprasationeyalue 25 may e ertignally. stared in a

memory location 26. However, this is not intended as a limitation of the
present invention and it should be understood that compensation value 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 extemal read/write signal line may be added to allow an
externally generated value to be written into memory location 26.

In one alternative 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
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In scope to require inclusion of a clanp. Here, clanp 27 is designed.to

have ayggimapgrabl e clanp range and is used to determ ne,if. i e val ue
generated by conpensation val ue generator 15 is outside thi's acceptable

range. If 10 WD 01/29967 PCTI USOCQO 26547 cal cul ated conpensati on val ue 25
Is not within the acceptable range, then clanp 27 may intervene to provide
conpensated buffer 28 with an alternative conpensation value. This feature
may be ditulatedecorhpensationpvaiyei25 iscnopwitbiat theracceiptablé $angd) then
conpensation value 19 conprise a negative value, or if the processing

per f or alarp ZOMERMARrVEMe Y6 proviag eahipichisaldd bftet2 withad atdhgvehat s an
undesirabl e adjustnent in the performance of integrated circuit 10. For

exanpl e’ccﬁhﬁ’éﬁ%agianr‘%l\fué’.e THRCfbdtire ﬁ%@%%dﬁ%gﬁ%@{ef@%ﬁh”ﬁ' amount of

conpensation or to prevent excesslve _ nt egr at ed
circuit 10. In yet.anot ﬁr aI,ternat | ve enbodi rreqé conpensati on val ue 19
may be GHFOREREANOP Valug I8 and/gr compansafop valye, 12 comprse,anegativei | e nenory
(e.g., electrically erasable and programmuabl e read-only menory (EEPROM,

el ect ri cealus, qrrib theaprasessingcperfamesd by eonypgrsationvalue geheEtoRIM et c.)

| ocated within or external to integrated circuit 10. This enbodi nent all ows

i nt egr atregukts ircaivaludthat iSancurdesinible adjustmeab ratheoperfeiman@sofiesi red. For
exanpl e, as the manufacturing conditions or target performance

2P e eGSR 5 O el 2y S BRAP R SRR 8, TP "
| nprove ddigctdf mihinia’imblifit of compensation or to prevent excessive
compensation within integrated circuit 10.
In yet another alternative embodiment, compensation value 19 may be
provided by a series of fuses 20 or stored in a non-volatile memory (e.g.,
electrically erasable and programmable read-only membry (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 initiél compensation value as desired. For
example, as the manufacturing conditions or target performance specifications
of integrated circuit 10 vary, the appropriate compensati___on value may be pre-
set to provide alternative values which in turn 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




corpensation unit to further adjust the performance of integrated circuit

10. I'n addigd gihgegronpensation val ue 19 may be provided to |%§ﬁg R8sk
circuit 10 tﬂlrough a user interface. A user interface my ?or exanpl e,

a bus or register that allows a user to provide conpensation. value 19
froman external 11 WO01/29967 PCT/ USO0/ 26547 source. This may give either
the manufacturer of an integrated circuit or a consuner the flexibility to

adj ust the sooret Tiis owmypgive &ithenthepmanatacterehohaniimteggated effcaitiora t 10,
for exanple. By now it should be appreciated that this enbodi nent of the

present inyepdirmer ﬂfeoﬂé)@ﬁﬁtfm%%& ﬂweféﬁ.?ge énshtioneapiiddowince of

an integrated circuit. Thi I ment o rs advant ages not aval | abl e
with prior crl bed in af orenenti oned US Pat ent

5, 869, 983 Bﬁ%@%gée&&ﬁ@ét i‘?ﬁéﬁgﬁa’g@ %411 ows the conpensati on val ue provided
by two or nore sourcesﬁﬁgg be conbi ned as desired to, provide for inproved
tuni ng of the . pBYfmswwi sheulk be apprecated that this ?B‘boﬂﬂ‘@ﬂt eftbergsert only
al l owed for selecting one of two conpensation values and did not provide

for the proinvestiog podvitésea dinouit\fat cempensating/théeperfarmantevef areintégratedhs
based at least in part on the two input values. Thus, the enbodi nent

11 ustr at edeirauif| Phis dmBodiféht ferd bevarbes ot a%ﬂdm@w,mﬁ& avai | abl e.

While certain features of the invention have been illustrated and

e e, R o AR TR M PR IBROSEE e,

15 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. It

is, therefore, to be understood that the appended claims are intended to cover

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

12



could be nodified so as to allow for the processing of hultiple input

val ues. o12bdsy therefore, to Whe appeotedoricaans are

i ntended to cover all such nodifications an ges as fall within the
true spirit of the invention. 12”'ﬂﬂmmﬂ US00/ 26547 s dains: 1.
An integrated circuit conprising!® m’mﬂuni t capabl e of providing

a first conpensation value; and a c'(:)rrp'ens"at ifon*val ue generator capabl e of
processiQigimge first conpensation value and a. second conpensati on val ue
to provide a third conpensation value. 2. The integrated circuit of claim
1, and furthef a@NRfdgrated Gfcitedsthplgiag: menory | ocation capable. of ~storing.
t he second conpensation val ue. 3. %he Integrated circuit of claim1, and

further conprjsj gt fhat, | W iving at.
| east one of 4§énﬁe?'§?ﬁ8corr§en a |I%§Fbg§vd%@§t%gﬁs§econ c%rtr%ie\n\;sﬁ%on val ue,
and the third conpensation value. 4. The integrated circuit of claim1,

and furt conprising fuses coupled to provide a fourth conpensati on
val ue, and wherein the conpensation value generator is capable of
processi ng t he cbmpensatio geoerajon capahle of resessing the fisdt i on val ue,

and the fourth
compensation value and a second compensation value to provide a third

compensation value.

2. The integrated circuit of claim 1, and further comprising at least one

memory location capable of storing the second compensation value.

3. The integrated circuit of claim 1, and further comprising a
compensated buffer that is 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.

13




conpensat.i on value to provide the third conpensation varue. 13 . WO01/2"67
111111 11 Us00126547 5. The iﬂ"ﬂﬁm IJ gt of ' and
further coh%(ﬁyfp%‘;fuses coupled to prow ’mm ”m ,LOWD%‘%,%%%“\;’N ue.
6. The integrated circuit of claiml1, and fur thet conprising a non-vol atile

menory | ocation coupled to provide the second conpensation value. 7. The
integrated circuit of claiml1, and further conprising at | east one nenory

location that isscenghihRgpitedichElifaf thim! 1)idrtl feteeconiprieing/iises. 8. The
integrated circuit of claim1l, wherein the third conpensation value is a

and the secontoBaTBHEdfe aRant Wimetsahah Vel 31 Coit o claim 1.

and further conprising: a conpensated buffer capable of receiving the third
conpensation value; and a clanp coupled to the conpensated buffer, wherein
the clanp has a clanp range, and wherein the clanp provides a cl anped
conpensat ed val u. The integratedsirngib ob dlairf ¥, cand furthee comprigingoapenvelatile
value is not with the clanp range. 10. A system conprising: 14 WO 01/29967

PCT/ USOQ' 26 5femony loeatiém estpled toprévite the @ecdad @otmperisationvahsat i on val ue;

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

a clamp coupled to the compensated buffer, wherein the clamp has a
clamp range, and wherein the clamp provides a clamped compensated value

to the compensated buffer if the third compensation value is not with the clamp

range.

10. A system comprising:

14



at | east one nenory |location, said at |east one location te contain a
second &\(l)rrpensation val ue; a conpensated buffer; a conpensation val ue

- gener at OPHEP% onbi nes the first conpensation val ue an®CIVE00868hd
conpensati on value to provide the conpensated buffer wth an updated
‘conpensation value. 11. The system of claim 10 wherein the conpensation
val ue generator is capable of performng binary addition of at |east a

portion of th Psén 'miﬁﬂ';lﬁ' t.i.00. - t ortion of the
second corrpen%actBlh{n \?gﬁge. i : ﬁrﬁgldgé;ﬁgsrféﬁnﬁé%%a&%ixo\{aﬁﬁd further =
conprising: a plurality of p-chapnél t al - oxi de sem, conduct or (PMOS)
transi stors; a@eaﬁﬁp%} h‘?’“ggf P—cﬁﬁ%n%qqgr?éﬂ%ﬁﬁ&ﬂed@c@@ﬁ topantaine ( NMOS)
transi stors; a conparison circuit that conpares the operation of at |east
a porti o3eesd eormpensation ¥aliest ors and the operation of at |east a portion
of the NMOS transistors, wherein the conparison circuit generates the

second conpeasompensatédibuffesed on the conparison. 13. The system of claim
10, wherein the systemis coupled to a user interface to provide the

second conpe | akiue. , hahbi: | dmmatin ' ' 5 SCL W
01/ 29967 PCT/ TR 5é‘§§9aﬁi’2ﬁhef‘%ﬁ§8¢ thelt comtines t%écglr.réﬁr(lfosrlhéggéadon
value and the second compensation value to provide 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 value.

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

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

a plurality of n-channe! 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 compar_ison 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.

-
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a conpensated buffer; means for generating a first conpensation val ue;

means for generating a second conpensation val ue; nmeans for _processing the
first conpgwgé’t"r“%7val ue and the second conpensation val uePEBR[ﬁ(ﬁWﬁg t he

conpensated buffer with a third conpensated value. 15. The integrated
circuit of claim214 wherein the neans for processing the first
conpensati on val ue and the second conpensation val ue includes a neans for
adding the first conpensati.on value and the second.conpensation value. 16.
The integrated circuit of claim 14, and further conprising neans for

storing the firsg , conmpensat.i Qn.V t econd conpensation val ue, and
the third corrpeh%‘a‘fgp(Sﬁte%ﬁtﬁg.c‘rfg{.t%ﬁmr{;mt conprising: a conpensation
unit having a plurality of transistors, wherein at |east a portion of the
plurality of traffompansated buffell e of determining a first digital
conpensation value; a nenory |ocation for storing a second digital
conpensati on val meangrfdr géfietatingla fidstidconypersation Mahiet, | | 1111 L Al S WO
01/29967 PCT/US00/ 26547 a conpensation val ue generator capabl e of
conbi ning at | eagleafsH8F GeRBrating 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.

15. The integrated circuit of claim 14 wherein the means for processing
the first compensation value and the second compensation vaiue includes a
means for adding the first compensation value and the second compensation

vaiue.

16. The integrated circuit of claim 14, and further comprising means for
storing the first compensation value, the second compensation value, and the
third compensation value.

17. A circuit comprising:

a compensation unit having a plurality of transistors, wherein at least a
portion of the plurality of transistors is capable of determining a first digital
compensation value;

a memory location for storing a second digital compensation value; and

16
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of the first digital conpensation value with at |east a*portion of the

second a,u?gh}z% conpensation value to provide a third digital conpensation
val ue. : & circuit of claim 17, and further conpris 0 rgg‘ﬂp havi ng

~a clanp range and a conpensated buffer, wherein the clanp is capabl e of
provi ding a conpensated buffer with a fourth digital conpensation value if
the third digital conpensation value is not within the clanmp range. 19.

The circuit afcdaﬁﬁéﬁ@alianvvm@benbrhﬂoﬁeg?sﬂéaéﬂ SOmBMind aP R &l pYrtibd

capabl e of perform ng binary addition the first digital conpensation

val ue { LahLA - i I ks | third

ai i t =1 O st SRFED CotibBhbdtort PARE M b ek a b Rire $Bchhs ..,

conpri si,ng: eneratjin first djgital, coppensati on val ue; generating a
second Hiafal sPmPERSRRMY AR thproudd s Saicd didii! cRmRensafion Valus) -
conpensati on value and the second digital conpensation value to generate a

third conpensation value. 21. The nethod of claim 20 wherein generating a
second digital conpensation value includes conparing the operation of a

first plural 18yThé ciréuit of clairh! 17, and further lebiprising a cldrmp!hahda/ 29967
PCT/ USCQ 26547 transistors against the tperation of a second plurality of

L ransi Seip rarige dhE a'BEmBEnSited! iffEr 2knBRéA the didifip s Icaidable 8F! Udes an
providing a compensated bdffe'r with a fourth digital compensation vaiue 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;

generating a second digital compensation value;

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

17
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nmetal - oxi de sem conductor (NMOS) transistor and a p-channel netal -oxide
sem condu ) transistor, and the nethod further aring
t he operati @Hlé)&%ﬁe NMOS transistor with the operation oP"Jfﬁagﬁf&E%qp
transistor. 23. The nethod of claim 20 wherein processing the first digital

conpensati on value and the second digital conpensation val ue includes
adding at least a portion of the first digital conpensation val ue to at

| east a_ Dordnsiioladdifst REUitralich bPh SERBRE MRl i Ariistord.  The et hod

of claim 2 erein e step o generating t corrpensat i on val ue
I ncl udes | oadi ng a conpensation value in accordance wth a BIOS
instruction. !fliJ 1 1111 1 Hill 11 11 11 1111 L Ns 18

22. The method of claim 21 wherein the circuit includes an n-channel
metal-oxide semiconductor (NMOS) transistor and a p-channel metal-oxide
semiconductor (PMOS) transistor, and the method further includes comparing

the operation of the NMOS transistor with the operation of the PMOS transistor.

23. The method of claim 20 wherein processing the first digital
compensation value and the second digital compensation value includes
adding at least a portion of the first digital compensation value to at least a

portion of the second digital compensation value.

24. The method of claim 20 wherein the step of generating the second
compensation value includes loading a compensation value in accordance

with a BIOS instruction.

O
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