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+ WDE RANGE LOADED SI GNALS BACKGROUND |. Field of the Ifhgeptsigongf This
i nvenyigpAebates to digital circuits. In particular, #ﬁﬁ%‘} ﬂ%e_p 1on rel ates
to inpedance control. 2. Description of Related Art ¥ 4 Jcontrol | ed
buffers are used in high-speed interfaces to inprove signaling quality.

| npeda i!Tﬁ;ﬂh{' . ith several factors 10
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When a circuit involving 1/0M functioning, these changes in the
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the 1/0 dr INekiventdn9elss BohilaPcirch®l. 9h bEHNIR, A% iRk AhmERTPENSAL i ON
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buf f efMPEFENKEPREAi n reasonabl e bal anced i npedance, conpensation codes are
recal cul ated and updated periodically. 20 Current techni ques for updating
conpensati on code are static in that the conpensation codes are sent to
the 1/ 0 dri.ver Desériftioni of Sintdd £let er mi ned schedule. One approach is to
update using a special reserved cycle (SRC). At designated tinmes, the SRC
isinitiated. . .the t sy ssion of ,data on fhe bus is stopped and the I/0
.. drivers arlgngﬁaln-ces?oélgrgfgcﬂgféﬁﬁfe Ysrd Wq‘eﬁ"ﬁpa?‘t‘"ﬁ%feé.m FWENE t he updat ed
) corrpaigaﬂihé)quad:iqddmpedaecescﬁ“riﬁput/ﬁutbﬁtﬁ[/ﬂ)} Buftbid shaniges ‘ﬁﬁfséwgm fRaRpy oach has aI
n er . di sadvant ages. ..First, the transm ssion of data is tenporarily
oHE o chefBling b B8 BY BRLEY et Eifrali Pl GBS e BOSSERURI, Speci a
ci r cuiupply flutsatioasudevietlagepwhrti-tip eiriatibl3petSR@hed Abwalit itd&ioye of the device
has t . have: sane. routing nmechanismto route pending transactions into
queuedgfwﬁrr%ilsofr"qubong‘gdtgcsﬁﬁ sf'"fﬁi 1mpsdange; c‘“fif’)(écp‘éhg? driyesssaiies i n conpl ex
Ci r c windesjraldle dffebegsueltacthoise; fefieatidng erosstalk, ringing, overshoots and
undershoots. The I/O buffer impedance can be controlled using analog or digital

15  techniques. Digital contro} is the preferred method where compensation codes are used to
compensate for any impedance mismatches at the pads of the I/O drivers. One method is
referred to as resistor compensation (RCOMP) where an external reference resistor sets
the impedance of the buffer. To maintain reasonable balanced impedance, compensation

codes are recalculated and updated periodically.

_ ) 20 Current techniques for updating compensation code are static in that the
compensation codes are sent to the I/O drivers at a fixed, predetermined schedule. One
approach is to update using a special reserved cycle (SRC). At designated times, the SRC
is initiated, the transmission of data on the bus is stopped and the /O drivers are tri-stated
or put into an idle state. "I‘hén, the updated compensation codes are sent to the I/O drivers.

25  'This approach has a number of disadvantages. First, the transmission of data is
temporarily suspended, resulting in a reduced transmission rate. Second, special circuitry
is required to initiate the SRC. Third, the core of the device has to have some routing
mechanism to route pending transactions into queues prior to code update. This apprd?ch
therefore resuits in complc‘x circuitry and degraded performance.
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DRAW NGS The features and advantages of the present inv@rti becone

appar the follow ng detail ed description of t esent invention

in \/\hﬁgé:uzé—:&gaure | is a diagramillustrating a syst emﬁr%ﬁ-%i]%w:‘%ne

enbodi nent of the 5 invention can be practiced. Figure 2 is a diagram

illustrating an inpedance controller according to one enbodinment of the

invention. Figure 3 i L ensation controller
shown in Figure 2 M ﬁéﬁ@lmf’ﬂgg“ﬁ%ﬁfﬂe invention. 10 Figure

4a is a diagramillustrating a conpensation driving circuit shown in Figure
2 accor di ngThofeanres ambastyenteges obfhe present imventioh e4l] bdeogemepaddnt itema di agr am

il ustratd : j . y .s shown i.n.Figure 2 according to one
enbodi %ﬂ%%lggﬁg&gg\%%?ﬁgﬁ é@febtf%sfg%\ R U \'/\%lhart illustrating a process
to control inpedance according to one 15 enbodinent of the invention.

Fi gure 6 i sFigugildgn diegriam itlsstrating agystamde whick obrentnglimertivfthe i but ed RCOVP
usi 89 jivttiohRLERSENRPUf f ers and pads according to one enbodi ment of the
invention. Figure 7 1s a diagramillustrating a conpensation controller
shared by nultiple RCOW buffers and pads according to one enbodi ment of

t he i nvent iTghre 2@ aiggrem ilustrating agiimpgdaracicpitedier accprdgngdo devi ce having a

di strisagnreMRe tskitfbn, NOrmal buffers and pads according to one

enbodi nent of the invention. 2 WO 02/27929 DESCRI PTION 0 8 MAR 20055

PCT/ US01/3Q259 In the foll ow ng description, for purposes of explanation,
numer ous det8Hrs & s dagan illysiayng ajcampensationcontpplleyshewndn Figsredugh '
under sdcadtding @ e bR dinicRBEthe inRRiBLT On. However, it :

10 Figure 4a is a diagram illustrating a compensation driving circuit shown in Figure

2 according to one embodiment of the invention.

Figure 4b is a diagram illustrating the interface I/O buffers shown in Figure 2

according to one embodiment of the invention.

Figure 5 is a flowchart illustrating a process to control impedance according to one

15 embodiment of the invention.

Figure 6 is a diagram illustrating a device having a distributed RCOMP using

multiple RCOMP buffers and pads according to one embodiment of the invention.

Figure 7 is a diagram illustrating a compensation controller shared by multiple
RCOMP buffers and pads according to one embodiment of the invention.

20 Figure 8 is a diagram illustrating a device having a distributed RCOMP using

normal buffers and pads according to one embodiment of the invention.



. Wil be apparent to one skilled in the art that these specific details are
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Is a diagramillustrating a system 100 i n which one enbodi nent of the

I nvention can be practiced. The si/:stem 100 includes a processor 110, a
processor bus 115, a nenory ub (MCH) 120, a system nenory 130,
a graphics/video controller 10 140, an input/output (1/0O controller hub
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The processor bus 115 may support single processor or nultiple processors.
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proces%BIF mP”fﬁf’%?%’"é@/@%@ @%ngwgﬁd%ﬁ@qphl%}gﬁ%gmp i n the system
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edance of buffers at each t he | or

- ) gr aphi CEHYEEOT BY A6 H{éraT&ﬁ'a5?*8(??‘8@0&?&*?%?68?“%5})%%s and/or video 25
i nf or nfbxiriveare hubB0syitaaiassREREY cohidlldrdps.esent s one or nmore mechani sms for
storing information. For exanple, the systemnenory 130 may i ncl ude

non-vol at i or vol i.| e . mepories,. Exanpl es t hese nor.i es incl.ude

P nsh o e Blost b rhres R bl et AR i3 Hant BB B ABRBIIEY | Ram The
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oo, (SIS oG onk BRupolih SRS, O Hhnis rofiict oty ARt R0, powm) . i ch
i s notinteraeswith thetnemany cewretlarhodb 120 tih¢he prowesdor bus. 115. The processor

bus 115 may support single processor or multiple processors.

The memory controller hub 120 and the I/O controller hub 150 typically form an
integrated chipset which includes a number of interface circuits to allow the processor 110
20 access to the system memory 130 and peripheral devices. The memory controller hub 120
provides interface between the processor 110, the system memory 130, and other
components in the system 100. The MCH 120 may contain one or more impedance

controllers 125 to control impedance of buffers at each of the major interfaces.

The graphics/video controlier 140 provides control of graphics and/or video
25  information. The systern memory 130 represents one or more mechanisms for storing
information. For example, the system memory 130 may include non-volatile or volatile
memories. Examples of these memories include flash memory, read only memory l
(ROM), or random access memory (RAM). The system memory 130 may contain a
program 131 and other programs and data 138. Of course, the system memory 130



. The I/0O controller hub 150 provides interface to 1/0 or pegla)nﬁ[alzgwm ces.
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20  functions.

The impedance controller 125/155 may also be used in other devices or
components in the system 100. For clarity purpose, the reference numeral 125 is used to
_ ) refer to any impedance controlier used in the system 100 or in any other digital circuits.
Alternate embodiments of the impedance controller 125 may be used in microcontrollers,
25 embedded processors,. graphics devices, digital signal processors (DSP), and other types of

logic circnits.

The compensation controller generates codes for use by a reference RCOMP driver
against a2 known load. Those codes are held until the main interface drivers can be
updated with the new codes. A set of latches sits between the compensation code outputs

30  and the impedance control inputs of the interface buffers. Interfaces such as AGP require
a reference resistor for each of the pull-ups and puil-downs to be calibrated. Typically,

however, we only calibrate either the pull-up or pull-down against an external resistor.
4
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Is tied to Vcc and the pull-down is calibrated against it. n copy
of the now calibrated pull-down is used as the refereng r.calibrating
the pPYPPZES2° This is done with another RCOWP buffer, PE&{&S?S’Héﬂzf#at i s
connected internally only and has no pad or external pin connection. O
course, the pull-up could. he calibrated 5 first against a reference
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uses a AneRth& o PRRELndveERbRRE b Aok BlusdlCReNBefchate fF tAWSathgt: pul | -up and
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a sepapalyndhad notda8 Br LA8nd BiniBRRLEAN GEslife, @ bultupod iy} aftlated conpl et e
calibration_cycle run. However, it is also 10 possible to use actual data

or addfiessagaiisha refesence gsiston fed ereuad pist agapy sedye Felibsie thsylldawa:  speci al
receiver is included in the buffer used-for calibration. In this case

however, a DDRMtAE RneYbfedeamitioPE Ty RclRMR AL Hm&t@ﬁuli-ﬁp aaul d take too
long. But this is rarel necessar t he buffergﬁlteng drifts very little

in a stBl"é°“§b'&r?°GF“tt’?tﬁ%XE&ﬂ’&tbﬁﬂay’ci'gféﬁcé?%'ﬁ%‘%‘?’(")u i5i8C 5 I9e®eYsary where

t he cogiahd RCOSIERKEHsProRGAHRE H BERLOMINE oh Queardi®pinliieyddat e. This can be
done quickly and with'little to no |n&?ct to system performance (during
a

r ef r estplibsptipeydiesanibp biddenasy 2 copplgiecabbrationeyeie agt HAYSVEL ST al89 ng an

| mpe daneable M hdeQkdugl daklor a8 &9 pilis B8t riuthis tRe cABROEA BRIM atbngd & 1 nvention. The
| npedance controller 125 includes a cogggnsatlon controller 210, a

conperkeegialapeciver isiipgjuder incthe buffes gsedforahipratiam tip $Hs grsghoweyen.d | at ch 235, N 20

~ ) scal erdmpleth r.gfcﬁ: cadtitbe Nnie%rﬁhﬁ&@@as_cﬂ WD EKE tdoGotel Buf8ls istelg8ONL and N
interface pads 290, to 290N. The inpedance controller 125 is interfaced to

, . _ ler -
t he exeesssay, the buffer steength dofavery ligle ip @ shartspen pitimeand odpingemepal hoar d

i nt er iRgRed HE hLLEIAWRSE 1he Sode TRELADER o AErahchiddali chkbSnt pBl 260 and R2 251.
The conpensation driving circuit 220 drives reference_resistor 250 on pad

225 t appatey This canchecioae ruickly adiwith ditle tanadawpd i asieB\PEBRP#E | er 210. 25 The

conpeng il L&Ay fofinstddk®). uses the feedback .information to update the
conmpensat ron code synchronously with a clock signal CLK The conpensation

controller_, 210 generates conpensati gn code 215 to the conpensation driving
Giroui t 22BN A AEH LESHESEE B ERPRganGE SOt 120 GoF BB R e o 230 i s sel
usi ng efBedimeRRIMRAh Vo OTIR idp&lantd tr6iNZNMaludie: coaipenatiber 210. The code
215 is held in latch 235 Lle,congsgsatlon .
controller 210, a compensation driving circuit 220, a compensation pad 225, a latch 235, N
20 scalers 270; to 270N, N interface driving circuits 280, to 280y, and N interface pads 290,
to 290y. -The impedance controller 125 is interfaced to the external circuits on board. A
termination load 260 at the board interface includes a series impedance 240 and registers
) R1 260 and R2 251. The compensation driving circuit 220 drives reference resistor 250

on pad 225 to provide feedback information to compensation controller 210.

25 " The compensation controller 210 uses the feedback information to update the
compensation code synchronously with a clock signal CLK. The compensation controller
210 generates compensation code 215 to the compensation driving circuit 220. The
impedance (strength) of interface /O buffers 230 is set using the compensation code 2 15
from compensation controller 210. The code 215 is held in latch 235 while compensation

30 controller 210 is in a recalibration cycle. The impedance of buffers is updated when latch
235 is opened. Latch 235 is opened when the change in the compensation code 215 will

not affect interface performance or functionality. The N strength scalers 270, to 270y are
5



30 controller 210 is in a recalibration cycle. The irrpeda lﬁg( ?E@a ers is
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seri eggbdp ?T@ﬁ@g?‘ﬂﬁeﬁgwfn% fn%iuﬁé Ci%%@dr@{s% SgthQ'tﬁé‘achuyad@Fés@ms and 60 15

Chs, respect avil oade val ues for the series

i npedstrabe (RASH), alnhthc h@“mesﬁ@@éﬁmﬂﬁdcéﬁé) gtypil'htallgfyly dmdehsignadhd 30 Chns,

respe b th the N scal ers
270, {}%lu?%h%a(ﬂ@ FHBa un.wgq{""% Qﬁ:a;qogﬁ?&“tﬂ [%%g‘% ?8%%?3 | npedance for
bot h Valgﬁstfbmhamwhmmryc 24anddbie rhiganl ) an trhiselly, HW0hmgandeiPar at e cont r ol

a 6 dphb r}gs\? g} tl“ét‘ hc-gbgy %Hjéd% egngﬁqm: V'ﬁrg:sl??}u Selies I@eéﬁﬁéﬁm e to provide

e proper lagram il lustrati a conpensation
cont rmdltwreﬂmrgiﬂmnw:tamr@@b!niaﬂmmﬁ rrgpecivaine enbodi ment of the
I nvention. The conpensation controller 210 includes a state machine 310,

two up/ dovwhecoh ﬁﬁxﬁ:ﬁ#ﬂ.@@ﬂc%@zo a?éhouﬁtmameaér@m.%’W) 340, a down
conpar at_or (DN , and tvvo regi 25 The state

machi mvréq@mawadwghwsemwtcﬁ@m &%"‘?F ‘éﬁf%f B"tb@g@g’ Q?‘E%"ﬁ'@’r ol signals to

loaded signals without having separate control and driving circuits. The buffer 230,

20  however, is scalable to provide the proper values.

Figure 3is a diagram illustrating 2 compensation c;ontrollcr 210 shown in Figure 2
according to one embodiment of the invention. The compensation controller 210 includes
a state machine 310, two up/down counters 320 and 330, an up comparator (UPCOMP)
340, a down comparator (DNCOMP) 360, and two registers 350 and 370.

25 The state machine 310 operates with the CLK signal to generate control signals to
the up/down counters 320 and 330 and to the compensation driving circuit 220 (Figure 2}.
The control signals include a p-counter enable (PCNTEN), a p-counter up/down
(PCNTUD), a p-compensation enable (PCOMPEN), an n-counter enable (NCNTEN), an
n-counter up/down (NCNTUD), and an n-compensation enable (NCOMPEN). The state

30 machine 310 receives a latch up (LUP) and latch down (LDN) signals from the registers
350 and 370, respectively.



t he up/down counters 320 and 330 and to the corrpensationog]' ﬁ;—\gg Ult
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enabl e (NCOVPEN) The state 30 machine 310 receives a latch up (LUP) and

| atch d 350 370, tivel 6
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and 368 ané&m!pacsatﬂne duuhg eigmitltic diiveathettiue. T)'mlcoxr&ﬁﬁ:tm 34d1mdl3&8 with the
refere cev ta es VUP res t|v and VDN ref erence
ac% level 1399% 82}2?5 XHZ\QI |bus wi‘t)h uﬁfgrcXce JPE es @Pﬁg | evel s,

vol tages PaFe"t ower
r empec\leMerle;pecﬂwer r’fégVE&PBarLd \Bﬂﬁ)rﬁﬂmcsmltdgaurbt}mrdcs:kadcdppertahda result of the

conpar Vl-d f rt chine 310 in
Char s doRer bR Lot mﬁd""ﬁ'%rxlgsa Fhied) %ﬁé‘sg’“ A et 30 BBl BRE e ot e i 1
turn. Wlétctfmmqnnmgwooetolpmmdbddéabkbyfotdm:otB"OIRWEMashngﬂnmo,mt he counter

320 '?h g{agpgﬁgmli%? n%Bﬁ:%%S' gnal to count up or down by the PCNTUP
€

si gnal pendi ng on *he voltage at the pad 225 is higher or |ower
than the VUP reference voltage. Simlarly, while the n-device is enabled by

t he NCC]VEN‘ICS@@!?é n-deyipgs mng!erﬁ in3gm. |“éhlbﬁh€bﬂl-édvlws epbleNGXTIREN signal to
cRnt ey i e SYLRu g AP OR LR G o) 0 2L
and t hbtm@@bﬁ"l&bﬁg@l @pgndmgm whether the voltaoc at the pad 225 is higher or lower

than the VUP reference voltage. Similarly, while the n-device is enabled by the

NCOMEN signal, the counter 330 is enabled by the NCNTPEN signal to count up or-

down by the NCNTUP signal depending on whether the voltage at the pad 225 is higher or

20 lower than the VDN reference voltage. The PCOMP and the NCOMP codes are thus
generated to control the-adjustment of p- and n-devices at the driving circuit. For

example, as more iegs of the p-devices are enabled, current can be conducted more

strongly and the resistance is reduced.
UNIVERSAL COMPENSATION

25 Figure 4A is a diagram illustrating a compensation driving circuit 220 shown in
Figure 2 according to one embodiment of the invention. The compensation driving circuit

220 includes an enable circuit 420 and a driver 430,

The enable circuit 420 is coupled to the compensation controller 210 to enable the
compensation codes PCOMP and NCOMP 215. The enable circuit 420 generates a p-code
' 30 (PCODE) and an n-code (NCODE) corresponding to p and n compensation codes PCOMP
' and NCOMP, respectively. The PCODE and the NCODE are used to drive the p- and n-

7



generated to control the adjustnment of p- and n-devi ceﬁ g é‘ge)n €1 Vving
. circuit. For exanple, as nore |legs of the p-devices are em current

can b ted nore strongly and the resistance is NI VERSAL
%%25 Figure 4Ais a diagramillustrating a ?::gﬂf}éengoaf*on driving

Ci rcwt 220 shown in Figure 2 according to one embodi ment of the

inventi,on. Th atio n cui ncI udes, an enable circuit
420 an(qwm‘a‘atl t\%’e g%g%fﬁsé’eceﬁg 1 c?cr"@alét % Efﬁl“é"&" ?ig t he conpensation
cont robicewsuvzny&nhmemnlalmﬂmr woels, wenpeREODD s mmt@mam:ﬁe@w 215. The

Cor 1 oo BN A oGO RN LORGEnGLIT O Ll PEe o T4 RO, r capoct | vel y.

The PC&BE:tamd mchﬂei\l@%leagaaesusado upsdo igate theREQMP antiNGCORMBusthgVAR 2005 WO

02/ 79 9 P 1/ he driv 0,..res tlvely The PCODE
and® 1 nEe RECHEPER &G R ORMER S GRhi e bEFol iakBhe AT B Ror i cx. when the
PCCDE d:rﬁb(ﬁﬁméaiteﬂch bfttke NiChibe gaesd2Sib M intludes an @ROJate thlepattdr 1 es pondi ng

n- deV| I0h Lha~driver and vi¢ r A& epabl e o gircuit 420
i ncl u %h'enagﬁ‘?“gr;t}r‘es Ai@g 96 B “t"oﬁ i @'1@5 PCONP- ARG EEMP usi ng 5

t he PQWM:&MrWEM&P@@MPENHgnm:kIwaﬁaﬁmmmrn&s@ﬁms(lﬁ gure 3). In

one odi of t e gat 4 5N . ncl udes, an OR

gate o ahapmepcofi fonsife PRI, PReiptit e OB a3 wPitant & ne the

:\ICLDDE thEBCOBEaVﬂJNCOVISE I\Ilo%ﬁmeltrhteomﬂu\gc' ﬁastesaermzcm“\afblr &g gét\%BEE Bﬁﬂgﬁl EN flh gng:qv IC%DE
ow an Si na 0 e al | ows e

o padte DR TP BardeVEn: SUE S Dhk SPEDETRPEL 4 ow on the

)yff tmn dg]\j?tcn@NCmMPmE;@nﬂsirebothlhghg n de?/tfmhgggg e enabl géiﬁtteﬁe tgzlgvg%N

and N ERI“E'P@&H‘%SQ@ e&&'{“ﬁ“‘ﬁmgﬁq&e%f’%vﬁ“&’fhfﬁ@hig generates all

one' s NCOBEN Alibars R IR €ODE té!ipass thgough to bdcbmt e NCOBR itleeszhwhd | e a hi gh on
Elg EN all ows the DRVCODE to pass through to beconme the NCODE through

t Yates. The driver 430 is coupled to the enable circuit 420 to

control |rrpedance of the buffer 230 (Figure 2) according to the PCOW and
NCOVP. TheThk drirer 431818 coupdéd td & eaable circuit 420 to control impedance of the

buffer 230 (Figure 2) according to the PCOMP and NCOMP. The driver 430 includes a
plurality of p-devices 434, to 434y to receive the p-code. The p-devices 434, to 434y
drive the buffer 230 when the p-code is enabled. The driver 430 also includes a plurality

20  of n-devices 432, to 432y to receive the n-code. The n-devices 432, to 432y drive the
buffer 230 when the n-code is enabled.

Figure 4B is a diagram illustrating the scaler 270 and the interface driving circuit

E ) 280 shown in Figure 2. The scaler 270 includes a p-multiplexer array 410 and an n-
multiplexer array 41 8.. The arrays 410 and 418 are csscn{ially the same, except that the p

25 multiplexer array 410 receives the PCOMP code while the n-multiplexer array 418
receives the NCOMP code. In the following, to simplify the discussion, only the array
410 is described in detail. The array 418 is similarly described. The interface driving
circuit 280 inciudes an enable circuit 282 and an interface driver 284. The enable circuit

282 and the interface driver 284 are similar to the enable circuit 420 and the driver 430 in

30 . Figure 4A, respectively.

The array 410 generates a driver code DRVCODEP from the compensation code

PCOMP received from the compensation controller 210 (Figure 3) and latched at the latch
8



_plurality of p-devices 434, to 434N to receive the p-code 3Tg@:.‘ﬁl3_gg@/i ces

. 434E to 434N drive the buffer 230 when the p-code is enable

he driver
430 al I ncludes a plurality 20 of n-devices 432, to to receive the
n-code‘?B??{g%ﬁ?devi ces 432, to 432N drive the buffer f%%%\%%{ *Z%he n-code is
enabled. Figure 4B is a diagramillustrating the scaler 270 and the

interf Vi cireult 280 sh in.Figu . scal er 270 includes a
p- mul t?z%ﬁ@é?reazp]g%cfrdjl Dgﬁ?}e%?fsf??glﬁﬂ]fg Yeég‘é‘{ﬁ%zi&%§gﬁgg9mfﬂ@dérrays 410 and
418 ar do dsdeffer altheypati B60 Ak hasex Grepdaideatatdhbs opscafedut kdapilerededar ray 410
receives.t P(%Of\]{P.c de_while the n-nultiplexer grray 418 receives the
NCOWP ?ﬁ&@"%ﬁ‘ﬂa © 5‘@%?‘?%%6?4 0° g?eﬁg?’i%ﬁp '}eﬁ‘éﬁ’cﬁngé’ﬁ%‘& IB?F%déﬁPﬁ}s-t he array
410 i s Thesoay didds i scatte taschie thevempensation4de PEOMP Btdoadihy todipsslecoed. The
interface drivin circuit 280 includes an enabl ' 1 £, 282 and an

i nt grfg%ga]d??’?/écl’a §£‘_"‘Pﬁ‘ﬁ@“°gﬁggﬁ QUEPPREGIP ﬁ“’é‘@?‘“éﬂg‘: ﬁh&%bmr f@&e driver 284
are si diiveacodeadDRNEODERDar be biecafinto dléks atdeshhiRdingto uRbuffd0 in 30 . Figure

4A, reﬁpt%(dtgrim\;gejf#m The . r[‘gy;olﬁﬁlaré%%era es a driver code DRVCODEP fromthe

conpensai i ceode s BotNETY dek &'t he conpensation controller 210

(Figure 3) and latched at the latch 8 0 8 MAR 2005 WO 02/ 27929 -PCT/ US01/ 302

9 J 235 (Filjthees &% Nabcompdnsagjon ooda ligte insatioof the POAMP ad NODNPer code DRVCODEP
as edance mat ched,
|

or <cof i teayfrt 88 P EleBh ol 0 AR Dol ot ERARAAE R or By 420 1 s

used fHh0 apd b8, hespestivelyadtic NimpHtplexersotd et 4 5ginalude the Tdast aad mayt 410 i s a
scal erg: ' - cecordi .to-the .selector 5
slﬁ%%ﬁgtég‘t%gﬁ%rg %p?%%ﬂ&ﬁﬂ Qe gr?déf %ﬂ% lgaﬁ%md mo@?ﬂ%n(?g?aing%:

si gnal ! nsation co responds to > code
DRVCORE(the (Fhb) bitgrof thercompehsatiRvGEIFOMEN TheNandtipdéxetsnd Svialdissareor r espondi ng

ner o oreo ey (AP ERERE BB oo 0%, T Biond nAE i HedrY OB oo
codes and fhénFigher4B, af eachiofithk N mphldplexess 455to 410y dkSeleatetiwidGhe t 0 425N i n each
s SRR 1R Ay LESESSLLNRLY, rib e e % 1O 4o
cor r esqainlgieista sslectibe Haws toderRR WVOGDER comishorcizugtto tiettwo baffert he (N-1) bits of
the c W&gl E&hcé?‘iﬁe rﬁ)ﬁﬁ\{ﬁﬂexmﬁzi\,‘ tg}” §Ni h%ls ffsting séé‘o%d irgp?ltsf"sléc'gtc%r €
according to the first and second levels of the selector signal, respectively. The second
input of each of the multiplexers other than the most significant multiplexer 415y is
20  connected to the first input of a next significant multiplexer and to a corresponding bit of
the compensation code. The first input of the least significant multiplexer 415, and the
second input of the most significant multiplexer 415y are connected to a logic level, e.g.,
zero (or ground level), to provide a scaling to the compensation code PCOMP, according
to the selector signal. For example, if the compensation code PCOMP is 011100, then the
25 DRVCODEP is 0011100 if the selector signal is at the high logic level, and is 0111000 if
the selector is at the low logic level. Note that the DRVCODEDP is scaled by a factor of 2,
corresponding to a factor of 2 for the buffer impedance between the heavily loaded and
lightly. loaded signals. The use of a two input multiplexer in the array 410 to provide a
* scale factor of 2 is for illustrative purposes only. A more general scheme for other scale
30  factors can be similarly derived. For example, an n-input multiplexer can be cascaded

with proper connections to provide a scale factor equal or proportional to n. This scheme

will accommodate a wide range of loaded signals.



controlled by the selector signal. The first and second inputs, indicated

_ by the nunbers 0 and | in Figure 4B, of each of the N mul fii pli¢aei280%15, to
415w are sel ected when the 15 selector signal is at | i | ogi c
| evel ¥OR24REctively. The sel ector signal has two | ogﬁﬂ{%&/ﬂ?@qt o sel ect
the driver code DRVCODEP corresponding to the two buffer inpedances. Each
of the N tiplexers. : ' »end ' ts, selected
according to'% %ﬁ f"rrcs"?tdzllsg(ljn ciugggrjﬁgﬂllé;%%gsz%ﬁ I)t' % s]%&ggﬂg? Ll{sllggénal :
I espec patasenyblesithe coesprdingiDPUTOREP eratBRYCOPRY. iThe tagbliexisr s ot her than the

nmost sigpifican (o] I ' d.1o t first, input of a
noxt sramrrEane v TP RSN el RGO phlityg i
conpensaipensnaticiodentrolibre? 10i The driveplid indludel & g-devsres 38 me 28 7aand Nl t i pl exer

41 and. t e d-input .of t.Sskani ti | $dopl.exer 415N are
coﬁ%ec‘gcg&e{]ggsé?? %é;s:g'c TP%%FYEQ%S.ZE?’?O %ragak%p{ 'Jgeb’%g%%fgslr‘]goviqugfl F"‘t o provide a
scal i nepntrollddhyy thorepst et dnoiied DAY CPOBYRNd RRMIGEYY. to the sel ector signal.

For exanple, if the conpensation code PCOW is 011100, then the 25 DRVCODEP

is 0011100 oSl i } icqsevel , and is
0111000 i f 'fh% ﬁérgg%rﬁgtkz"?’?rrﬁu{"g%gt g aﬁ%ﬁ’&ﬁ%ﬂﬁ%@&&%@?é&t hat the DRVOODEP
i s scahtedadsydrizinpaircuits 280, #hd 288othereBpownditiegamo cacufitapt dhe seme2 for the buffer
of "5 CHEPrRE bl 06 Bsctomep RGPS el IHoed sl ARAGK) oD S; TN V0P
i S10F orsignkls.uThe buffer @3Risrspaiatdstopmvde tie approgrige hefferimpedresrsiof eachot her scal e 30
Lact org e(.:%ﬁe Pc%hl?fﬁm is‘%iersQega\/f\‘lg?ﬂic&oz{r%aeﬁﬁﬂrf‘muge 3 flwird ?cxi It pI. exer can

e casCaded "W proper “cbnnetfions to provide a scale factor equal or

) proportional to n. This schene w || accommopdate a w de range of |oaded
si gnal s. 9F@ereNAR aApeghartitlugating 3 procese FIQUSEeME IBrpdips aspabiPgtti rcuit 282

inclu e . <8nd & Bnerfi@tl €S enabl es the
corregg%ﬂal ng %%V%E%eﬁﬁ%' %&@%ﬁsogﬁ‘g&éggb% ?ﬁg ?ﬂm pe?for med by the

Pl NTERigarecHENI NTEN si gnal s generated fromthe state machine in the
conpensation controller 210. The driver 284 includes N p-devices 287, to

28¢N and '\bgoésﬂﬁuirgﬁép%%&s 500geA8R1Ys thEBmPerdRitn@e8e BRdd of B 237N and t he
n- devi ces 288, to 288N _are contr%l l.ed by the_ respecti \6e enabl ed DRVCODEP
i

and Dfevdimskenpltagsat e pEiad FHRCKHIOV T CMPERIFTONFL8° B4 OF REEE ers 270, to
270N, hafd stafemadiifealsin@ @R ff dovinRGuritérk Bt the caBfhriseindsdBBNotdparing ore use the
sane clrcuit and the sane _ . s .. .
the feedback voltage with a reference voltage. Then, it is determined if the buffer is for
heavily or lightly loaded signals (Block 520). If the buffer is for heavily loaded signal, the
20  process 500 sets the selector signal to a first logic level, e.g., high, (Block 540). |
Otherwise, the process 500 sets the selector signal to a second logic level, e.g., low, (Block

530).

Next, the process 500 generates the interface I/O buffer driver code by scaling the
compensation code according to the selector signal (Block 550). In one embodiment, the
25 scaling is done by shifting the compensation code one bit up or down for a scale factor of
2. This is accomplished by switching a muliplexer array connected as a scaler. Then, the
process 500 generates the p-code or the n-code by enabling the driver code according to
whether the pull-up or the pull-down devices are enabled (Block 560). Next, the process
drives the pull-up or the pull-down devices using the enabled p-code or n-code (Block

30  570). The process 500 is then terminated.
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~ conpensation controller 210 to accomobdate both the lightly | oaded and
. heavily loaded 10 signals. The buffer 230 is scalable to prowde 200%
appropriate buffer inpedance for each case. The techni I s universal,
savi ng*@P¥3%h area and reduces hardware conplexity. F—Plcaﬁfséw%o'i’% a
flowchart illustrating a process 500 to control inpedance according to one
enbodi nent the invention. The proce 500 corresponds to the enbodi nent
in Figure .e@@dﬂﬁ%%‘ﬂﬁ}:‘%ﬁégﬁ' 8‘&‘@@%53365"'6‘???&’ BYSEHOB" conpensat i on
code baseds oRcit P20 t6 aRoaokaty HlvidegengaloatidtsididlsfimluddathdaBlyogld 510) . The

conpensat j on de he generated b he state nachine using the up down
ount ePglyAede S ety s SOTPURAE s ByodeGRIERPTYI T F N PSR Vol t age wi t h
a refeﬁ?}&m} a/ﬂ&lcii\tcgg&:_leaﬂl{?&lngiofthé @leggzﬁgmll.]pﬁ:t d-rfvgrtcfpfae mg:s:ec][ ishfor_ | he?vi Idyd
or Li .l oa si gn (o] . e buffer i r heavi oade
si gka??mp@% v&e@ggﬁg%@éﬁgw&ipﬁgc quégéflﬁp"ag‘fdgﬁé?‘e‘ftﬁiyﬁi’r st | og?/c | evel ,
e.g., | haitl@tbr sighall qtglslam%_ gisa'ﬂ:{ﬂdﬁitfbﬂimeh?iﬁclﬁtﬂd(lgelﬁﬁriﬁ@gg%)@kaﬁnl\file he s;alhector
signal to a secq ogi ev e. qg. 0 oc : xt ., e process
500 qeFERERLLS EHEH SrharErSNR *r?@r“?ﬁ%\%“%"ﬁh‘“cﬁa"@’“a@ﬁ@&E‘I""F'??gg“t he
conpentat detpicsabe sanfeGRl Slofd iHcalibRted al e thie thhg MHis dnbddGlendhfts | n one
enbodi men} \t,@pl? 25 scaling is done by shifting the conpensation code one
bi t upafff“ahlﬁ ft%r a scale factor of 2. This is acconplished by switching
a nmuliplexer array connected as a scaler. Then, the process 500 generates
t h#d p- code Anottich embodimele isy usrsepdrata GOOMP puds\wae fard@devipdeatedi ng to  whet her

the pull-up or the.. l,- do devi.ces ar.e .enabl Bl ock 560). Next, the
b oceenaliin ot 1 5Bl ooy Setaty uE Bis g TRAR sl LHL Sidng 1 he enabl od
p- codeofipentatietticontrBliashre d&kdpotdhe cdilugenmtion eatroields simrddtenwber m nated. 10 08
MAR 2Q0

'50 0@%279%9 PCT/ USO /30259{1’@? .@ﬁnboog gent ﬁhowndi ntEi gures 3, 4,
and 5 R PagHoPaTAg CORPrBHYLTARH 21 i VSR OF PRt PS8 39818k cormodat e a
W de i gelokomsd echuire gralibk bufferls bedang: theRCOMP mesldeat Wihtdifferdnoaded si gnal s.

Thj_s odi nent. uses code generator with a nultiplexer array to generate
2 157 SR ResqE et e g, B AREebuT e Pet g ate PO, code (s Scaled 5
accor doftepllepmain bt Starreditd eavb dglossveihgacieavi |y | oaded or lightly | oaded as

selected by the selector signal. The advantages of this enbodi nent include

t he sharing of the sane
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I S o VU S R I SR +e.J |.- +9- DnNAD r+n+a 41- +a,.tls..

...usal Ssca visa alwaal,u U.r ,,e 4"4-1- ~~+vsru aauw 11&"8CMAR IZD% il
till, 4Vilip% 1la IjLIVI1 % V11&JULPWthat occupies the_same pad slot and
i s caIWQ)Pzé:f’gﬁ at the sane tinme. This embodi ment needs PCJ"@HP&B’?e buffer.
10 Anot her enbodinment is to use separate RCOVW pads, one for heavily | oaded
signals and one for lightly | oaded signals. In this enbodinent,-either two

separate conpensation cont 6’[? , Or one conpensation controller
Is shared by two RCOW pad@fﬁﬂﬁ%er fﬁ{m C ensation sequentially. This

enbodi ment has an advantage that it does not require scal able buffers
because t heFqrdexiFestuding bugjinteriage srichretic DDRGSDRAMI, thy: 16d hiefifdrs ons

separ a . It t , ' j: ion controller

o hoc i b phl et thich Mt el Bal AP Rl MAR SEBERGRARE ) 00006

PCT/ USO1arg2Part (A GRRIBIgTEIn Rehivikdertys arthiicties tHeavithigdinipdeessus i nt er f ace such
h 3 | Ja f . lcal h 1;1 th d

o5 e ol MM e B BN (R, <50

out than in other” devices suc 5 Al | ‘ I'cs Port (AGP) devices.
| N suc#Uod i wadedus iciusics different signaigrotrishathaye grastiediy diferenti at i on and

t enpergLdhe j at i s oL Y, . ion. In
a1 oo BlloRt ROaRBm e e i SRR, Bibils SEIBINSAIS 00
drastiwefuly different . 1oading conditions. To acconmodate this wide bus
structure, a distributed nethodology is wuseful. Figure 6 is a diagram

||l ustrati pgpuge 68\ &8r-RANRMMING dRvied 500 Habik § AisRiBNE fﬁﬁ@m_usﬂ) multiple

RCOWP buffers and pads according to one enbddi ment o e invention. The

delf canytiple RAOMB buffers ard padpagserding tp one enbpdanant ofgbpinvesdn. Thel 640. Each

) gr oup daise S00THDIRGES (e dbHIph BF Buftes 610, 6FADR DA @ps, and an RCOWP buffer.
G oup 610 has K buffers 6101 to 61 OK and an RCOW buffer 610x+l. G oup 620

has L buffers 6 101 tomgl ?’ and an RCfCJJ\& buffer_610L+1. G oup 630 has M
buf fers 6163HBOWLENAPIMRRPIEHIREER DR pulfers o RCEMRPHTELI0 has N buffers
6101 @o@ﬂﬂhﬁ@f{bﬁﬁbﬁ@?ﬂold}ﬂ{ﬁrﬂfm@&m%uff&ﬂ&mtlﬁl\l}gﬂ!ﬂghd\ﬁa@le lnthegerjs and
My o ot |1e equal. n enbod] nment =L= ., l.e.. there 1s an
ROCVP OB 6101 il Qs aad e FC@M%@W@@- G 830 has M buiers 610, t G10u
15 and an RCOMP buffer 610pm+:. Group 640 has N buffers 610, to 610y and an RCOMP
buffer 610n+;. K, L, M, and N are integers and may or may not be equal. In one
embodiment, K=L=M=N= 8, i.¢., there is an RCOMP buffer and pad for each byte of data,

For each group, different calibration is used depending on the loading conditions.

The impedance control for the distributed R_COMP shown in Figure 6 can be

20 performed in three ways ﬁsing the general technique of the compensation control as shown

in Figure 3. The compensation controller 210 as shown in Figure 3 can be used in a
) number of sharihg configuration to save hardware. In the first method, the state machine
310 (Figure 3) is shared by all the RCOMP circuitry in the device 600. In the second
- method, each RCOMP circuitry uses separate up/down counters 320 and 330. In the third

25 method, the up/down counters 320 and 330 are shared but the comparators 340 and 360,

and the registers 350 and 370 are used separately for each RCOMP circuitry.

Figure 7 is a diagram illustrating a compénsation controller 700 shared by multiple
RCOMP buffers and pads according to one embodiment of the invention. The
compensationl controller 700 is similar to the compensation controller 210 shown in Figure
30 3 except that the driving circuit is included and the drivers, comparators, and registers are
12



. For each group, different calibration is used dependi ng on the | oading

. conditions. The inpedance control for the distributed hg%ﬂi n Figure
6 can v§§0?/g Qgrformad in three ways using the general t igé_t 5t he
conpen<atrofi“tontrol as shown in Figure 3. The conpersal T8N &htrol ler 210
as shown in Figure 3 can be used in a nunber of sharing configuration to
save hardware, In, the fjrst t hod, .t state machine 310 (Figure 3) is
shar ed H§° HFTOYRED] n@ﬁ:rbé’g?rtsfiquaﬁs't cQRpFREEen ol {9k second  net hod,
each RGRkies b Etateihdciiing €8, agapap apdompLdlainn 7200 phigasws3fdamd 330. In the

nters .32 re shared_ but the

third 25 net t he up/ down 0 d. 330

conpar &PYHE @33“3}?8‘0% ?me%%‘%ﬁﬁ@wr"@g%t’%%@%s@dﬁﬁdg fepgpagk gryded separatel y
for ealcylrno,mozm —ﬁidm%dsnyo; tE'rigl_*rple»eanaiagatas wgatga][m&,iﬁ higﬁéméa\gdtdsqsa, gormensat i on
contro are ti buffers and_pads according to one
enbddi %ﬁoxﬁgﬁ&‘Y%ﬁFﬁﬁTﬂ'&e’( @5%&'&%"?‘6%7%% TBhiasiudedouh s similar to
t he coopapsabis 77200 T72:Q K @wnZbRpSaRw 74 No F74Y Keup3egidte8XB2PL 787t t he

drivi n%ﬁp%rc‘w t ';,S”%/R%_Ud ~and the drivers, conparators, and registers are
12 WO 1598583 AR 0% PCT/ US01/ 302-59 used distributively for

mul tiple buffers and pads. The conpensation controller 700 includes a

st at e machi Te sktOmachigeUl1I0-isghatep bg alvthe Bopads end bi2@rs. Thp Wlate-nitRkiAe up/ down

counter,.725, K l.enents ,715 K drivin [ I cui QE to 730x, K
feedbaf]:'l? P ??W?W%‘?Gkabiwge W‘E&%&“*?%b@%%@@'@é‘%ﬂlﬂ e gates 740,

t 0107 40d6ntril the epdile cgmtieg médOdt theputlap £00xer 7200h KCHTEMighait60, to 760x. The
K feedback ,cirguits 770 d 7 incl ude u conpar at or 72, to 772x, K
 town CoRRSamficioh pbigte: B a SERTUDS stitey B SPaghn thanBestete foky vt 56 0
-} The stth¢ pullvéedi conitl 030, 2 POOMEEN kiynahitd enbibie thé pprds paeatdlfidetie. The state
machi ne,, 710 ge at e Si |t nabl e the pull-up counter 720, a
PoNTUB it 2pes e NEOMARY Sl snils B prend koGEbtEartBe o |- un

count giull-36@n cauMiGNBENEacigsfahe bubfersdenabled b e POOMPEN W NOORIPEN. 730, a NCNTUD
t ontr gl e /[ do | .th ul | -do r 730, a
P%Pgﬂr & b@‘ﬁg 5 #‘grceaﬁ% Pﬁiﬂ%ﬁ% %@Q&@ﬁ@rwg@ %“BWF f‘f‘lgﬁlo&%ﬁu @b count er

720, df)cind NEONMPRIPENKY agsimwntioFignzlil e t he n-code generated fromthe

pul | -down counter 730. Each of the buffers is enabled by a PCOWEN and
NCOMPEN.

The pull-up counter 720 is an up/down counter to generate the p-code to the pull-
up device, implemented as a p-device, in the driver 760, to 760. The pull-down counter
730 is an up/down counter to generate the n-code to the pull-down device, implemented as

20  an n-device, in the driver 760, to 760x. The K driving circuits 730, and 730g control the
impedances of K buffers at the K pads 770; to 770k using the compensation code. The K
feedback circuits 770; to 770, provide K comparison results for K voltage levels at the K
pads 770; to770g. The K p-enable gates 740, to 740k and K n-enable gates 750; to 750k
are used to enable the p-code and n-code respectively to drive the drivers 760, to 760x. As

25  discussed above, the enable gates can be implemented by OR gates for the p-code and
AND gates for the n-code. The enabling is provided by the PCOMPEN and the
NCOMPEN signals from the state machine 710. The drivers 760, to 760k are connected
to the pads 770, to 770k, respectively, to drive the corresponding buffers (not shown).
The drivers 760, to 760 include p-devices 762, to 762 and n-devices 764, to 764¢. The

30 p-and n-devices are mutually exclusively enabled.

The K up comparators 772; to 772, K down comparators 774; to 774k, K up

registers 782, to 782, and K down registers 784, to 784k are used in the same manner as
13



15 For K buffers, there are K PCOWEN and NCOWEN si gnal s, denoted as

. PCOMPEN (1- K) and NCOWPEN (1-K) as shown in Figure fﬁhgTﬁngz_j]l[]E-up count er

)

720 is_an ug/ down counter to generate the p-code to t ec\ | ] - up devi ce,
i npl eV Es a p-device, in the driver 760, to 760KFSFHRYHI*? down
counter 730 is an up/down counter to generate the n-code to the pull-down

devi ce, | npl t S..2 n_n-device..in river 760, to 760K. The K
drivi néje%:cl‘"nlrg%%rgegc'%ﬁ?pgﬁgf%%ﬁmc%sn e‘r“bl’??‘it"ﬁlelé t}% 'é&%&“é%“%ﬁ K buffers at the
K pads carféportdingpa0 K7Q30 ngmnpanethe pageritagd witinthe oplend ddwer ferdneedback circuits
770, to

70K provi.de o ariso es for K voJtage |evels at the K
pads 7'781,?%{: %#@ﬁ?a'ﬁ'ﬁgﬁ?(re%%ﬁsad&géqgiétagésu;&iﬁb',s C?rg'ec}ﬁqo){? ‘@%%PWESH?EQ‘H%M e gates
750, t oordpddorsdis.g, 1i2gdnd BVigna kod thehempadwodeesath gencadd.Umapectively to
driye drivers, 7 tQ.7 i di sc d ove enabl e gates can
be ?gnpﬁ“gﬁ\}éﬁigﬂﬂs'b cd%%g'g?%éneggﬁ ufﬁheééa'g%ﬁis gﬁg‘%kﬁ%“ﬁﬁq %t)p]fe@r t he n-code.
The enabiNkngadjsst fe@virekpdnding ipidownCOMRERI 7208hdt 136 acdNEOMMEDS ddsgitalls from t he
state pmchine 719P ;I;nggg,ipvqer_s 760, to 760K are connected to the pads 770,

Ove 1n connect: T

to 7707, "respect VE Y, ™o drive the correspondi ng buffers (not shown).
The drivers 760, to 760K include p-devices 762E to 762K and n-devi ces 764,
to 764K. THa tig0dipribatedi ROOMR ¢rllinaem thatatambghimexti0wed telcgureerabl ed. The K up

conpar o/ arat or. 4 % 74K, K up registers
782, t?o%Qégéﬁaﬁ%ddgﬁcF gi sze#g’%ﬁ', eo&’%’% to’éﬁjjeﬁthgoe k8% he same manner
as1d3 Wiy B2773:%R6 the regivaR 782106 78X BhiIF8H 16 DR Rralseponicbe cormlsmond to Each pai r  of
conpar o vy LS connected to a correspondi ng pad 770k
to con%%ﬁgeﬁgﬁgtgggﬂﬁaﬁﬁ%sgggtﬁztzﬁgﬁr ie up and down reference voltages. Each

pair of the registers (e.g., 782k and 784k) is connected to the

cor r espondiThg K reemgra elgmsnis 7¢ estgre theypoadegpngt irqugiRg for thelcatredponding conpari son
resul t trer 736N 750 ORR ' 710 uses the
K si gnI%F'gf&L%p ntg %&Elﬁgl?‘%aﬁﬂfu?\ll to L% I?gu%%falfg%&%tﬁdeg@g{rhﬂgpondi ng

up/ dowadcHiintost78x TeGenaily calipatgd chachibrBenhag s emm BEPPERNAEHRE | n connecti on
W Bl Durs Al j beuhg e 2AR ' ate machine 710
and t ﬁg&gb?rﬁllé éﬂlb%%ﬁ’gﬁ%ﬁggg‘@a&eﬁs har ed. %}Jﬂ%ﬂdggﬁ%}gﬁé%%ﬂe to 770K. The
conp apg@@pg}dﬁ@pcm@y?mngﬁﬁthe K memory elements 715 while the calibration

continues with the next group. The Jatched values are held and the interface buffers that
correspond to these groups are updated with the values at an opportune time when the

change will not affect the buffer operation.

20 Figure 8 is a diagram illustrating a device 800 having a distributed RCOMP using
normal buffers and pads according to one embodiment of the invention. The device 800

inciudés N buffers 810, to 810x.

The 810, to 810y are normal buffers. As mentioned above, in connection with
Figure 1, the technique works with systems that have external paralle! termination and
25  works especially well with CTT since only one RCOMP buffer is needed to calibrate both
pull-up and puil-down. The device 800 has no dedicated RCOMP buffers. Each ofthe N
buffers §10; to 810y serves as a RCOMP buffer. Since there are no dedicated RCOMP
buffers, this embodiment saves pads, circuits, and other hardware overhead associated

with the conventional RCOMP methodology.

14



10 774, to 774K, and the registers 782, to 782K and 784, @3 7@@5‘ are
. separate to correspond to the pads 770, to 770K and < oliBt buffers.
The K_nenory elenments 715 store the p-codes and n-cod %'ffg‘g%”%%"’
corresPORW MY K buffer as generated by the counter 7 ? The K
buffers associated with the K pads 7701 to 770K are serially calibrated.
Each buffer.has itLs own n 15 aroup, ri.ng.calibration, the
PoaDE and N A CHe B e N ot R B P g wermor y
el enentist of Figure 3 Kr Bizmer?dy Salce menriab buffels ank ided, théeongighsaltipais on  continues with

the next .group... The, | at ched.yal ues. are, .hel nd the interfa uffers that
cor r oo sTae Rt i MeTIER JEoRR g o e b B8 A B0 tune 11 e
when t he threthmpigedsior the npdateaflh detfirgt hetiodfthe npdageds parfoomed 2Gedet.gure 8 is a
di agram,i | L.ustratin evice 800 havi a distributed usi ng nor nal
but Por eh MY sathsl ot b e Bl nBmred) bREk R pERE bn The devi ce
800 i npérftasd. N[thsiinkthod isSibitite bwo tiep@ite map actdt Aikghemt Sloughtoawaranor mal buf f ers.
As mentioned above, in connection with Fidure L. Lhe,technique works with
syst ontt IRHE porpetation e'r%ér“p'a'r'aT’Fé‘Y'M"" S SPRPTHET IO 8t “B% For ks especi al | y
wel | wintiemerdidll s amigerioditallyanileRikdvP The fdiectiméssnayde dedrefreshamhdslaf at e bot h

pul | -u oz . The device 800 has no dj.cat ed buffers. Each
of theﬁlﬁlﬁwa\%‘fe by g@i@f{i&’g@ %‘%‘eféé"eéﬂﬁéfgﬁbh‘ﬁm@é&‘? Ate there are no
detd calnakis REMOP, thbuidarrcan bé pirforresdia diromdtrolia Vahiopdsteacicofitheli t s, and ot her
har dvva]r?g%over head associated  with the conventional RCOVP nethodology. 14 0
0 MAR B W0 02/ 27929 PCT/ US01/ 30259 The i npedance control is perforned
usi ng the conpensation controller simlar to that of Figure 3 or Figure 7.

) Since nor miWhilsuhfs@rventimehas besdl desclibecowitpefiserce tmillisralies éobaditiernds, ti nes t hat

t he buys._i.s..I: Lor _not | e (1 . I ef | €5 :y). There are
t hr ee’l{ﬁrr'lglfj ﬁsghgtkcﬁlﬁglﬁ% alurﬁdﬁgzta#% mf'ér;a’utg %g,r If'?"s'?@ ﬁ%‘% ﬁ'og'?f“"ft“%fa“ 0up _a{laél)si s perforned
at r exdthe iBusthtive dnftediieeniscas wall asethet smigidithents afilminpendien, wipcloareat syst em

r t, e | W8k snJdiki j I but the update
rrael?enof) f}%éﬂ?hé%?féﬁ gﬁdolﬁg ea?tgg\%ggcr antmg&?@%gﬁéﬂggﬁ%@ﬁ@g@o‘% In the second
met hodvithirttbe spnpedsetpeod thegaheniia. updat ed i ncrenental |y and periodically at
idle tines. The idle times nay be the refresh tinmes of

15



the DDR SDRAM In the third nethod, the counters are shared by the nmultiple
buffers. 10 In this nmethod, the update can be perfornmed in a round-robin
fashion for each of the buffers. Wile this invention hasfje¢hRIg88% i bed
with reference to illustrative enbodinents, this description is not
intended to be construed in a limting sense. Various nodifications of the
illustrative enbodi nents, as well as other enbodi nents of the invention,
whi Ctha e 15 ggparent to persons skilled in the art to which the invention
pert &'ASS §PRed8ened to lie within the spirit and scope of the invention.

15 01.%4\4%53%19950'.}(&@%? s claimed is: 1. An apparatus conprising: a scaler to
generate rrver code froma conpensati on code according to a sel ector

Si gnakealdr RegefEANeS driverQdBe B8 b eSRNGAII0E cdd® RPoriifPRGXRRE0PSigral, hefdhiasr; an
enabt®ie@bi¢sbbriding@siin Rfpedancé ba 1igrfal er to enabl e the driver code; and driver
11the L' 11 1- 111-- -1~.~~~ .. buffer ..I'... .. 4.. 4L... ..1....

. . ~apergblevicuitcourddd thescalérdo enedilel tee drivercagie; and control | npedance of the
buffer according to the driver code. 2. The apparatus of claim1 wherein
t he 8E@HEEFOURIBHIY ISRELIELiIrpHi e FilTalies MARYaRyE PIONEET ZCUIRE B PSYHF t he dri ver
code®®om (N-P) bits of the conpensation code, the nultiplexer array
scaling the conpensati on code according to the selector signal, the scal ed
conp t Q60 i driver code. 3. The apparatus of
cl ai %ﬁn@% eréfsnﬁgﬁﬁ'?f%%%gﬂ%esgia%@ﬁéh%ﬁ first and second buffer inpedances
COr I 8 FRAPEENBrrdyQo BaRYAtE M bAOEF thd GREd dbdd PafledPbit lbehs cofipenddiien agpeathat us of
cl ai muBpiwleesreiyciling thdrcoipénsatieottasccoming af thé saladtor digthl Ipconldval ues
cor r gspenshtiorgcode oortdsporfding $d thaddves eiend buf f er i npedances. 5. The appar at us
of claim4 wherein the nultiplexer array conprises: N nultiplexers each
havi n% K inputs to generate the N bits of the driver code fromthe (N-P)
bi t s3- F‘Q?Pfé‘rat'b‘tﬂ??’éﬁ‘sht"i?%ﬂ'ngggg?e Aee ReRA AT fifshpnchasrdibHiar iReig"eRast and nost
si gnf¥esReRtingdaher Y aaeltly legtef SulRidi ng to | east and nost significant bits
of the (NNP) bits of the conpensation code, the N multiplexers being

cont g &k ha¥usd i BlaReh GRLr@h thl R code has one of first and second values corresponding

to the first and second buffer impedances.

5. The apparatus of claim 4 wherein the multiplexer array comprises:

N multiplexers each having K inputs to generate the N bits of the driver code from the (N-P) bits of the
compensation code, the N muitiplexers including least and most significant multiplexers
corresponding to least and most significant bits of the (N-P) bits of the compensation code, the N
multiplexers being controlled by the selector signal.

6. The apparatus of claim 5 wherein each of the N multiplexers has first and second inputs selected
according to first and second levels of the selector signal, respectively, the second input of each of the
multiplexers other than the most significant multiplexer being connected to the first input of a next
significant multiplexer and to a corresponding bit of the compensation code, the first input of the least
significant multiplexer and the second input of the most significant multiplexer being connected to a
logic level to provide a scaling to the compensation code according to the selector signal.

7. The apparatus of claim 1 wherein the enable circuit generates a p-code and an n-code
corresponding to p and n compensation codes, respectively, the p-code and the n-code being
mutually exclusively enabled.

8. The apparatus of claim 7 wherein the driver comprises a plurality of p-devices to receive the p-
code, the p-devices driving the buffer when the p-code is enabled.

9. The apparatus of claim 7 wherein the driver comprises a plurality of n-devices to receive the n-
code, the n-devices driving the buffer when the n-code is enabled.
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6. The apparatus of claim5 wherein each of the N nultiplexers has first
and second inputs selected according to first and secaond &ﬁﬁebﬁ of the
sel ector signal, respectively, the second input of each’ &f 2005

mul ti pl exers other than the nost significant nultiplexer being connected to
the first input of a next significant nmultiplexer and to a correspondi ng
bit of the conpensation code, the first input of the |least significant
nultiglexer and the second input of the nost significant nultiplexer being
connéet1d¥a aprzraius 9f sigint! VesreiP theGOmPFRINS Cades'éﬁ?'?eﬁgedt@’ 3 fi@e FeRYEEat i on code
accofPage fo? Brackieadiom 8 B, 7. The apparatus of claim 1 wherein the
enable circuit generates a p-code and an n-code corresponding to p and n
conpqp§@%%9&j&9%ﬁ§n:respectively, the p-code and the n-code being nutually
excl usively ena ed. 8. The apparatus of claim7 wherein the driver
CONPpértstinga Blivef addetrbmaf coRmEiRsiichandé SccbRMgitd/£ sdidttor Bignd apkedriveh@dp- devi ces
dri viérgspdiing e drampadzace éfaufercode i s enabl ed. 9. The apparatus of claim7
wherein the driver conprises a plurality of n-devices to receive the n-
code gnabhrey the diiver @ds; adi vi ng t he buffer when the n-code is enabled. 16 03
MAR 2005 10. The apparatus of claim 1l wherein the conpensation code is
genefFatretingie inrstance oipe pyfigeagearding &3iBB ARET §39¢a f eedback result fromthe
buffer. 11. A nethod conprising: generating a driver code froma

conp i . I | & I .the driver code
corrggéﬁ%&%ﬁgggﬁﬁgﬁq?ﬁ%%ﬁﬁ%gégggggﬁﬁﬁﬁ%g%$§%ﬂ£@%th the driver code; and
cont p et diRINLREAHIENENEE: Rlm INIP) i bf BE cotfsePEStbMBodeo 2 16 T ver code. 12.

The BahRAshieH céletthdbchled WhRp&HsBIBROSS @iresi@ndif@todid #Reér asle conpri ses:
generating N bits of the driver code from (NP) bits of the conpensation

code to scale the conpensation code, the scal ed conpensati on code

cor r s Joadiethgd picclaim 1 whérgiethegmdedanaedis omhef firpb enforgcatd heffeliimperencgier ei n t he

i npeefesRONdBg Erfealy and lightly lgAdPIdPEEYRd buf fer i npedances corresponding to
heavily and lightly | oaded buffers. 14. The nethod of claim 13 wherein the

dri de,h ) i i , i
s ROt a2 08 S RAE S B B

t he Its o (he_drlve code conprises: generating N bits of the driver
code from (N-P) bits of the conpensation code by a nmultiplexer array
15. The method of claim 14 wherein generating the N bits of the driver code comprises:

generating N bits of the driver code from (N-P) bits of the compensation code by a multiplexer array
having N multiplexers each having K inputs, the N multiplexers including least and most significant
multiplexers corresponding to least and most significant bits of the (N-1) bits of the compensation
code, the N multiplexers being controlled by the selector signal.

16. The method of claim 15 wherein each of the N multiplexers has first and second inputs selected
according to first and second levels of the selector signal, respectively, the second input of each of the
multiplexers other than the most significant multiplexer being connected to the first input of a next
significant multiplexer and to a corresponding bit of the compensation code, the first input of the least
significant multiplexer and the second input of the most significant muitiplexer being connected to a
logic level to provide a scaling to the compensation code according to the selector signal.

17. The method of claim 11 wherein enabling the driver code comprises generating a p-code and an
n-code corresponding to p and n compensation codes, respectively, the p-code and the n-code being
mutually exclusively enabled.

18. The method of claim 17 wherein controlling impedance of the buffer comprises driving the buffer
by a plurality of p-devices when the p-code is enabled, the p-devices receiving the p-code.

19. The method of claim 17 wherein controlling impedance of the buffer comprises driving the buffer
by a plurality of n-devices when the n-code is enabled, the n-devices receiving the n-code.
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having N nmul tipl exers each having K inputs, the N nultiplexers including
| east and nost significant nultiplexers corresponding to | east and nost
significant bits of the (N1) bits of the conpensationf godep %QQ? N

mul tipl exers being controlled by the selector signal. 16. The hod of
claim15 wherein each of the N multiplexers has first and second inputs
sel ected according to first and second | evels of the selector signal,

resp ively, the . second input of each of.the tinlexers other than the
et f@ﬁﬁf%&%ﬂﬁ it gl R BB EBEmeh or o next
si gni PEERL St I'pl'éxer an ?o a corresponding bit of the conpensation

code, the first input of the least significant nultiplexer and the second
i npubt afsykthd cBMBdsingl gni fi cant nul ti pl exer being connected to a logic |evel
to provide a scaling to the conpensati on code according to the sel ector

Si gnakompensatibh eormmetdn tgenérate| sadompérsatidnerodé;n enabl i ng t he driver code

conpri ses generating a p-code and an n-code corresponding to p and n
conpeheer haingeodepedanesgpriened a3 ipadindiandy- code and t he n-code being nutually
excl usively enabled. 18. The nmethod of claim 17 erei.n cqntrolling
inpeaﬁ?feg%aﬂoe Hrévwgmgﬂ%&weﬁa%got.?jt@ecgma?qsei'%gcowwéerb%p%b“ffﬁvo W51 al ity of

p- de?{"CbS"URBRIRE T EBYE T "Bhabl ed, the p-devices receiving the p-code.
19.  Th&dTet 9daRfa a}ggﬂo ‘ﬁﬁ% orwt?q@nﬁﬂnaenggrwcp&é éce&?ha&eﬂ&ﬁ&%rggna,h@e buf f er

CONMPlikvefSqstdndspshdin febancBy @ plurality of n-devices when the n-code
is enabl ed, the n-devices receiving the n-code. 17 03 MAR 2005 20. The

nmet haderebleclraiitiblplednt Geaicerttt enabetpedivat dode addde i s generated by a state
machine in response to a feedback result fromthe buffer. 21. A system
conpa dsienepuplad bothp erabletdireyit te eatrpldhd impedance)eites biiffer accerdinp &rtsadiveh code; a
buf f éadehavi ng an i npedance matched to a | oading; and a conpensation driving
circuit coupled to the conpensation controller and the buffer to drive the
buf f t he, co nsation .drivi rising. a scaler to generate a driver
code%;r AOERE %8%%%{53?‘?Q%ﬁ{h88%§§§@g&8$ng to a selector signal, the driver
code, cORBIERP LY BYeddatt RBitt RIGRE odEors NP Sits©F fn6 Bbrhpdroatidh Bstiel et he

scal gititi&etAal Balinh theBompaisafidd8de aRErdMg & thy Sdlet?¥RhAGNE Scaldae enabl e

Ci r Ctbrpeh&tieOtdde @brrdsbendingRethaacer eddet he buf fer according to the driver
code. 22. The system of claim 21 wherein the scal er conprises:

23. The system of claim 21 wherein the impedance is one of first and second buffer impedances
corresponding to heavily and lightly loaded buffers.

24. The system of claim 23 wherein the driver code has one of first and second values corresponding
to the first and second buffer impedances.

25. The system of claim 24 wherein the multiplexer array comprises:

N multiplexers each having K inputs to generate N bits of the driver code from the (N-P) bits of the
compensation code, the N multiplexers including least and most significant multiplexers
corresponding to least and most significant bits of the (N-P) bits of the compensation code, the N
multiplexers being controlled by the selector signal.

26. The system of claim 25 wherein each of the N multiplexers has first and second inputs selected
according to first and second levels of the selector signal, respectively, the second input of each of the
multiplexers other than the most significant multiplexer being connected to the first input of a next
significant multiplexer and to a corresponding bit of the compensation code, the first input of the least
significant multiplexer and the second input of the most significant multiplexer being connecied to a
logic level to provide a scaling to the compensation code according to the selector signal.

27. The system of claim 21 wherein the enable circuit generates a p-code and an n-code
corresponding to p and n compensation codes, respectively, the p-code and the n-code being
mutually exclusively enabled.
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a nmultiplexer array to generate N bits of the driver code from (N-P) bits
of the conpensation code, the multiplexer array scaling t he conpensati on
code according to the selector signal, the scal ed pqemwﬂlﬁm500de
corresponding to the driver code. 23. The system of c m 21 wherein the

i npedance is one of first and second buffer inpedances corresponding to
heavily and Iightly | oaded buffers. 24. The system of claim 23 wherein the

g;,ldvg Efzaye@tﬁr%égthb Qf%hé edﬁncI Squgsgaél ahr#? c%vcgét%g(g&:i,\\f% e&ﬁ)d%ﬂg first

exers each having K inputs to
generate N bits of the drlver code fronlthe (N-P) bits of the conpensation
codezg. trhe syMefdlciaph EX@ficieih theldpekr BgnprRess piadkty Bsdevibgnirédetvaitie medde pl exer s
cor r @8 padiadgiriviog the aser aneh @ sicodd igandbledant bits of the (N-P) bits of the
conpensation code, the N nultiplexers being controlled by the sel ector
signal. 26. The system of claim25 wherein each of the N nultiplexers has
firs$0 Ehﬁsﬁ@ﬂtﬁf@ainh%hw@ef%ﬂethé@?'@EP”S%P@F,é?@ﬁ'ﬁge’te@tﬁfdi byt stadp @aciiedhd | evel s of
t he SEPBEET 912 Teydyae resutdepdes vii8ly, the second input of each of the
mul ti pl exers other than the nost significant nultiplexer being connected to
the first input of a next significant nmultiplexer and to a correspondi ng
bit of the conpensation code, the first input of the |east significant
mul ti pl exer and the second input of the nost significant mnultiplexer being
connected to a logic level to provide a scaling to the conpensati on code
according to the selector signal. 27. The system of claim 21 wherein the
enable circuit generates a p-code and an n-code corresponding to p and n
conpensati on codes, respectively, the p-code and the n-code being nutually
excl usively enabled. 18 08 MAR 2005 28. The system of claim 27 wherein the
driver conprises a plurality of p-devices to receive the p-code, the
p-devi ces driving the buffer when the p-code is enabled. 29. The system of
claim 27 wherein the driver conprises a plurality of n-devices to receive
the n-code, the n-devices driving the buffer when the n-code is enabl ed.
30. The system of claim 21 wherein the conpensation code is generated by a
state machine in response to a feedback result fromthe buffer. 19
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