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Hybri d Conpensated Buffer Design COPYRI GAT NOTI CE

[0018] Contained herein is material that is subject to
W@ ognogght protecti on. The copyright owner hasP@DUS2004/018417

objection to the facsimle reproduction of the patent

di scl osure by any person as it appears in the Patent

and Trademark O fice patent files or records, but

what soever . SRR EorpeARaEdBIIRSITBHERE or esen
invention generally relates to the field of electronic

circuitry. Mre particularly, an enbodi nent of the
present invention relates to hybrid inpedance

fers. BACKGROUND [ 0020] Rel atively high
CK)§§g§§ﬂiﬁ§§5F§§ s that use push-pull drivers such as
doubl e data rate (DDR) and DDR Il nenory controllers
require i npedance control of the I/O buffers to neet

[o01d]1e Si gr@InthitediTidrein ik esaterieh®iat & sibjdddéo toppriglacerotection.
These interfaces generally use a reference vol tage

(Vref) that is centered at a m.d point of the vol e
ThesoR PG MY OvReT Jias ROrORjestisreier HE FORURLF griaiod 6B P E g patent
are two inportant requirenents for the driver

disélﬁﬁﬁ@% CR&sbAlas itld$heaird B thequHbrtQARIT rddeni &t Offlte patent
driver intain tight matching of the pull-up and

_ pull -down i npedance so that the center of the voltage
fileg o rRyOEAS, b othiqrivase Feseyes gl rights Heethee@cwa@é %@tﬁ%%@r-
point to maxim ze the voltage margin. This

FIELD OF THE INVENTION

[0019] The present invention generally relates to the field of electronic
circuitry. More particularly, an embodiment of the present invention relates to

hybrid impedance compensated buffers.
BACKGROUND

[0020] Relatively high speed interfaces that use push-pull drivers such as
double data rate (DDR) and DDR II memory controllers require impedance
control of the I/O buffers to meet the signal integrity requirements of the interface.
These interfaces generally use a reference voltage (Vref) that is centered at a mid-

point of the voltage swing of the driver generating the signal.
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can be critical when dealing with signal integrity
probl ens such as ring back. [0022] The second

WO penoEs requi renment for inpedance control o0PCT/IE2004/018417
buffer is to maintain overall target inpedance for the
driver. For exanple, the driver may need to have an
j4ypedan 8 +/ % . Thi '

oo herdh ol urE e bt e PG AN Fros B ReRRee
mat chi ng. [0023] Generally, a smaller die area | owers

conttvd. Fhedifrsiotquiramend it thef thendrivensongintainttighit ineatchifg of the
such, to drive down costs, the anount of area

pul B LGP B R R AL R it b Ras kB e

as seen in the prior art. [0024] One current approach
driver is eloge td Hiesreferehtenvltsgd poins éo diayiridel the vohtage inhagin. This
| egs that are switched in as needed to match the

target inpedance. In. such a.solution, .the cgntral

cany & el PPheRdGaling Wish e eDitPe Rt obiens stidh af fips back.
separ ate because the inpedance characteristics for the
pull -up are often tines different than that of the

[0022]] | - doWrhe scoad impootes sequitdrhageor anpetl enqeeraittolef the
(PVT) cases.[0025] Digital |eg selection provides
rel.atively smaller. drivyer si,zes.. The pure digital

buffin ARy Breraf ditael anrrAactyio i BHF Sy T Gftmple the
the pull-up and pull-down to be matched cl osely. The

drivé@auhy eded torhgve gh ilnpddpReadeis OhirsH/f 10%p This tdevanaais
pul I -up l'eg sel ection can also cause problems with

looégg‘g I@%%’,\e‘e)gq%ﬁe]meﬁ‘{]c&%{] g&g—gﬁgﬁaﬂﬂhw)ﬂ? irtnn?aeggr?ceam%%crhemg.

[0023] Generally, a smaller die area lowers the manufacturing cost of the
memory controller. As such, to drive down costs, the amount of area available to
support a driver may be limited. This can be at odds with the requirement for

impedance control as seen in the prior art.

[0024] One current approach to solve this problem is to use digitally
controlled legs that are switched in as needed to match the target impedance. In
such a solution, the control lines for the pull-up and pull-down are generally
separate because the impedance characteristics for the pull-up are often times
different than that of the pull-down for all process, voltage, and temperature

(PVT) cases.
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anal og bi ases are adjusted to give the desired pull-up
and pul | -down i npedance. This nethod provides

wOo 200anvessd y | ower nunber of control |ines w t hpET/82004/018417
granularity. However, this nethod potentially requires
a larger size driver size, in part, because the

['l-up Ll - Sl - S
003’ 1 oo il e ot H S L A R R R R G R TR
THE DRAW NGS [0018] The invention is illustrated by
pureaygitd] reethiogd) oweden oequires fim¢ gemularityhte eniable #e mfll-up and
t he acconpanyi ng drawi ngs, in which |ike references

indicate sinlar, or jdentical .elenen nd, i n 1,Gh;
pull gewétorbegh il spl PA¢ SR uaTEbS: o DitebBndGhcifies for
of a conputer system 100i n accordance with an
pulkdbwgi arehpuldfup leg spleetion can alserdause prgle@8with goung.
illustrates an exenplary hybrid conpensated buffer
circuit 200 in accordance with an enbodi nent of the

esent j nvention; 21] Fig. 3. illuystrates,a .

00K ol m AP PR AR g ot i i LR T g gase.

circuit 300 in accordance with an enbodi ment of the
anafygelsiasds drewefistenio §Q2RE desiged pulllipiahd pidlsdawn impedance.

exenplary circuit diagramof a P-type output stage

.circuit 400 . n accordance with an.enbodj ment of .the
ThiSpisiod PROVRT FORE qlpgossr Phipbes Of Fagel o ik fint

exenplary circuit diagramof a P-type output stage

grafiifagity.t HokvieR, Aokttt potentiallafe | iRpér 9be Hhioer size,
present invention; [0024] Fig. 6 illustrates an

exenpl ary slice enablement circuit 600in .
in part, BEcaust the puﬁ-up and prlTE -down transgstors need to be increased to

reach the desired impedance.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention is illustrated by way of example and not limitation in
the figures of the accompanying drawings, in which like references indicate

similar or identical elements, and in which:

[0019] Fig. 1 illustrates an exemplary block diagram of a computer system

100 in accordance with an embodiment of the present invention;

[0020] Fig. 2 illustrates an exemplary hybrid compensated buffer circuit 200

in accordance with an embodiment of the present invention;
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accordance wi th an enbodi nent of the present

invention; and [0025] Figs - a nd 8 illustrate
wez@spbdasy pul | -up/ pul | -down anal og mat chi ng bP@BUS2004/018417

circuits 700for adjustable pull-up (Fig. 7) and

adj ustable pull-down (Fig. 8) in accordance with

[OO%EEOC‘%" g%f‘ig\ﬁ %ﬁ%@e{éﬁéﬁéﬁpiaﬁy gvﬁwkggr& e%}gﬁféf'gpN-type output

description of the present invention numerous specific
stagle tiacwhis 360 i seordandelwith apregelpodinent of ithiepresehbimyeygtion;
under st andi ng of the present invention. However, it

wi || be apparent to one skilled in the art that the
¢ e :
(0082025 R D et B RERAE L0 Uil of 18P output

structures and devices are shown in bl ock diagram
stagerirpuit 400y acdoadianae withainlembodiorandof the presedt invention;

obscuring the present invention. [0019] Refer ence in

t he specifi cation to "one enbodi nent" or

| [002?13 odi megt’ op! Isatég]% 2 Srﬁ?fatrg %H.Jca{t Cfl 0@5% Sf a P- pe output

uct ure, arac escri conne
with the enbodlnent is included in at | east one
stagerbiodiliB0 irodccondanceweithiaorembddinen o thepesent intvieation;
phrase "in one enbodinent” in various places in the
specification are not necessarily all referring to the

[Oogg;enpleg?? ??l Stlae{tgg 20 laxé:r#lglar% olibd %’rz l:[l@lrrl%fit %@TBB 6?On in

ragram o I Sys
accordance with an enbodi nent of t he present
acdondaei with afifeenloadiprere of the present invention; and

[0025] Figs. 7 and 8 illustrate exemplary pull-up/pull-down analog
matching bias circuits 700 for adjustable pull-up (Fig. 7) and adjustable pull-down

(Fig. 8) in accordance with embodiments of the present invention.
DETAILED DESCRIPTION

[0018] In the following detailed description of the present invention
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be apparent to one
skilled in the art that the present invention may be practiced without these
specific details. In other instances, well-known structures and devices are shown
in block diagram form, rather than in detail, in order to avoid obscuring the

present invention.
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system 100 i ncludes a central processing unit (CPU)

102 coupled to a bus 105. In one enbodi nent, the CPU
wQa®dsle6584 processor in the Pentium(r) fam |y oPCT/US2004/018417

processors including the Pentiun(r) Il processor

famly, Pentiun(r) Ill processors, Pentium(r) IV

cess Aar i P Sapt a

OO, ChFteRifie R P&ty PR B, o0 R
used, such as Intel's XScal e processor Intel's Bani as
embpdireents mgeansRilapa peciadasfeatiie sthietufe, omnchRMteristicof
Carrbrl dge, the United Kingdom or OVAP processor (an

S I T
s e R L R
107 is also coupled to the bus 105. The chi pset 107

embodinnetetsofahenbmuantiono itrecd peabar(deEidf thel Phrabhéivohe 110
may i nclude a nmenory controller 112 that is coupled to

system ne .stem meppry 11 .
emBo Juth & 45 YRS ke i e SCTRYPHAT: BREREhafadyeall referring
executed by theCPU 102 or any other device included in
to thheasyesdmbodid@ent]l n one enbodi ment, main system nmenory
115 i ncl udes dynam ¢ random access nenory (DRAM;
however, main system rrermry 115may be i npl enent ed

003 C0.p1 B 1 Bt AP ERm Pl bl SR alsaip £ 8 Palp ef System

and/or nultiple system nem)rl es. [0022] The MCH 110may

10Ceihscorttngd evieh gh @ptbockimient of fhrqereddrt inveli®@d The aomputer
graphi cs accel erator 130. In one enbodi nent, graphics

SN R i R e

one embodiment, the CPU 102 is a processor in the Pentium® family of processors

H-O

including the Pentium® II processor family, Pentium® III processors, Pentium®
IV processors available from Intel Corporation of Santa Clara, California.
Alternatively, other CPUs may be used, such as Intel’s XScale processor, Intel’s
Banias Processors, ARM processors available from ARM Ltd. of Cambridge, the
United Kingdom, or OMAP processor (an enhanced ARM-based processor)

available from Texas Instruments, Inc., of Dallas, Texas.

[0021] A chipset 107 is also coupled to the bus 105. The chipset 107
includes a memory control hub (MCH) 110. The MCH 110 may include a memory
controller 112 that is coupled to a main system memory 115. Main system

memory 115 stores data and sequences of instructions that are executed by the
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according to an AGP Specification Revision 2.0

i nterface devel oped by Intel Corporation of Santa
w@r@sagessal i fornia. In an enbodi nent of the prEBGENS2004/018417

invention, a flat panel display may be coupled to the

graphics interface 113 through, for exanple, a signa
CPOOMY ety dihel aLeiBO Bl fh HleQlvbin 160! BPGH abBRiREnt,

an image“stored In a storage device such as video

menory or systemnenory into display signals that are
majmsystgn enemoan i1 3inshidgsatyriaynicand ot aqoessanegwrp €RRAN);

is envisioned that the display signals produced by the

S ol Ay . .
hofiu e BpSHER SRdPIT: LI HE YRR S 8 Bher memory

di spl ayed on the fl at-panel display nonitor. [0023] In
typasldAtidomonal hieviveb mayt &lsd de eoupledl esthe feis V0B sikchtas ranltiple

i nput/output control hub (ICH) 140via a hub interface.

The | 140. praovides _an interface to input/output
CPPFFﬂf%géUnggeRV?ﬁFh“Fﬁgﬂgﬁnputer system 100. The

| CHL40may be coupled to a Peripheral Conponent

I nterconnect (PCl) bus adhering to a Specification
[00E]vi si o2 M@idd 10ersy} alpedndiyde begrBehicSpeeifate 118 ergded to a

G oup of Portland, Oregon. Thus, the I CH 140 incl udes

a, PCl  br.idge 6 .t hat provi.des an interface t . PCl
sraicSpsdleer B TRy uapti inBifep 1 ¢ Cupled to

bet ween the CPU 102 and peri pheral devices. [0024] The
graphicslagseldrbior 181 vides soelatided ricepdfi( AR thatlopkrates

drive 155. However, one of ordinary skill in the art
ocoPRInBE BT SPec RELIATEVISER BHIan P A EPRD il
the art wll

Corporation of Santa Clara, California. In an embodiment of the present
invention, a flat panel display may be coupled to the graphics interface 113
through, for example, a signal converter that translates a digital representation of
an image stored in a storage device such as video memory or system memory into
display signals that are interpreted and displayed by the flat-panel screen. It is
énvisioned that the display signals produced by the display device may pass
through various control devices before being interpreted by and subsequently

displayed on the flat-panel display monitor.

[0023] In addition, the hub interface couples the MCH 110 to an
input/output control hub (ICH) 140 via a hub interface. The ICH 140 provides an

interface to input/output (I/O) devices within the computer system 100. The ICH
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recogni ze that the CPU 102 and MCH 110 coul d be

conbined to forma single chip. Furthernore, graphics
wa@ewsharsst or 130may be included within MCH 110PCTUSI0N€018417

enbodi nments. [0025] In addition, other peripherals nay

al so be coupled to the ICH 140 in various enbodi nents.

c o . . . .

10§y SRR UL ARIGRNCORTRRY B HEe P thering
interface (SCSI)hard drive(s), universal serial bus

to a(fysejfpatiohHevisior @ylblas developaliby the BCABpetiaplteres) GGroup of
serial port(s), floppy disk drive(s), digital output

PorftARE Ol LI 14D BERu0R P E Bt SPNAR an

to receive electrical power fromone or nore of the
intefrfack dnviaRCdous s TerPCl isridget 46 poovides ddatagpath between the
alternating current (AC) outlet (e.g., through a

r.ansf orner .an r .adaptor), autonotive power
CP@J@glapgsPerg?}}eﬁgg‘%eVIﬁe&mer supplies, and the |ike.[0026]

Fig. 2 illustrates an exenplary hybrid conpensated

buffer circuit 200 in accordance with an enbodi nent of
[0024]e pr esBEw PChheni4dinchiktes an awdidtdeR@ I50cnddedisirdrive 155.

I npedance reference 202, which is coupl ed between the

round _and di.gital, . ance tching,lggic,.204, The
Ho Pt ope 306t Bt sl REne AEevIT e Bkt Poiig vt may be
anal og matching circuit 206 and two or nore driver
couplecCesth2G8T HORP] Iri additienyose ohedlihigt skilieén eid are fvill
slices may be digitally selectable slices (e.gv by

uti.lizi 2 t | o Il -uplpull-down .
reciigieh i ine CEWL ARSI B 0 coRg e epihifit bofgfi  imgle
vari ous enbodi nents of the present invention, the
chip. Furthermore, graphics accelerator 130 may be included within MCH 110 in

other embodiments.

[0025] In addition, other peripherals may also be coupled to the ICH 140 in
various embodiments. For example, such peripherals may include integrated
drive electronics (IDE) or small computer system interface (SCSI) hard drive(s),
universal serial bus (USB) port(s), a keyboard, a mouse, parallel port(s), serial
port(s), floppy disk drive(s), digital output support (e.g., digital video interface
(DVI)), and the like. Moreover, the computer system 100 is envisioned to receive
electrical power from one or more of the following sources for its operation: a
battery, alternating current (AC) outlet (e.g., through a transformer and/or

adaptor), automotive power supplies, airplane power supplies, and the like.
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slices are binary weighted or equal weight dependi ng
on design requirenents. It is also envisioned that
wa b@seoessul d al so be nore than four slices if PERUSIHNG/018417
For the enbodi nent of the invention shown in Fig. 2,
only one digital selection |ine (210) and one anal og

jas i (2 e Ingﬁ% R
[OOilUr]rpedan ggg'o%&%gra P \?1 e%%%;{lggggf@ﬁﬁ Cén e%r%%g i Hrrr"gﬁetr Ccl)]%cufc 200
the present invention, the driver slices 208 are
in acoomdeotewithogreembodanenthef thepresenp dnventionacldwr dende200
W t h anot her enbodi nent of the present invention, the
. N ce /i l..ed. i e
inciBsP3h i PRRS A Ba 2o R Jubeic telttbBRe 8 {ftround and
envi sioned that the driver slices 208 may be built
digitaltimpedjanse atdtehiBgtlygie 20d. Nheypeud20pdurthengetudessa pull-
will be discussed with respect to Figs. 3 and 4,

respectively).[0029] Eig.. i | lustrates an,exenpl ar
up/pRES df alflanrishike orein 20wt B Aeig eR e sl
i n accordance with an enbodi nent of the present
invention. In one enbodi nent of the present invention,
[0027Me ci r duisterR@onéd tisitthe dsivanslicep neagebe digitmlyofel¢diable
driver slice 208 of Fig. 2. The circuit 300 includes

.t Nt,ype,.t.ransi r 302and 30 and P-1 ..
st Bt 4F B 1588 2030 Bl a-de rnaiw Bk LoRmaL g i cach
ground. [0030] In accordance with an enbodi nent of the
slic® (ee%eby utitiveiy 2@6). It keribuaesibdidimentstoflthe pdeseheinvention, the
field-effect transistors (FETs)such as netal -oxide

slicgssﬁge&%ggr&ﬁx@g{ghfgg or qua E\IIE;;% ’cdcle]gr)]er?cﬂgzgrc])%rde%?gbr?géqﬁrnémgr{ts. It

is also envisioned that there could also be more than four slices if needed. For the
embodiment of the invention shown in Fig. 2, only one digital selection line (210)
and one analog bias line (214) are needed to properly control the impedance of the

drivers.

[0028] In one embodiment of the present invention, the driver slices 208 are
connected together at the output pad. In accordance with another embodiment of
the present invention, the output impedance is controlled by turning on the
appropriate number of driver slices 208. It is envisioned that the driver slices 208
may be built with adjustable P-type or N-type output stages (as will be discussed

with respect to Figs. 3 and 4, respectively).



10

15

20

i nvention, an anal og bias voltage (at the gate of the
transistor 304) is applied to the N-type output stage
WO 0000k its strength to the P-type out put trBCBEUS1004/018417
(at the gate of the transistor 306). [0031] Fig. 4
illustrates an exenplary circuit diagramof a P-type
t put st:a0€:161 id .4 ' A NG | _
00 ot ronip o st o Arerh laR ERLAR A6 il OF TN type ontput
of the present invention, the circuit 400 illustrates
stagcirenst g@ﬁam ancoudarsk witle adrenvieadisient ef fegpisker igvention. In
The circuit 400 includes two Ptype transistors (402and
4 :St.0f. 4 : [ n a
ond AfboRRCRNE Bt DYREn LARR Rt SO IE B B R RE
wi th an enbodi nent of the present invention, the
implearesitatiar of theidriveedline2@S of Figy 2 bdhe icekdit 00 éatludes two N-
transi stors (FETs) such as netal oxi de sem conduct or

s TR 0 04 A5 TR ool Q5 en o

transistor 402) is applied to the P-type output stage
power smtred (Vi antlrgroghll. to the N-type output transistor
(at the gate of the transistor 406). Wth respect to
vari ous enbodi nents of the present invention (such as

T R LA T e

illustrates an exenplary circuit diagramof a P-type
tramgistprd uski agbarel fieddicffebDRansistees (FRlsheacivad metl-oxide
enbodi nent of the present invention. In one enbodi nent

senfipon Bt ERRIVABHEAL). Ot andlher dhB6almEof the resdht®S
invention, an analog bias voltage (at the gate of the transistor 304) is applied to the
N-type output stage to match its strength to the P-type output transistor (at the

gate of the transistor 306).

[0031] Fig. 4 illustrates an exemplary circuit diagram of a P-type output
stage circuit 400 in accordance with an embodiment of the present invention. In
one embodiment of the present invention, the circuit 400 illustrates an
implementation of the driver slice 208 of Fig. 2. The circuit 400 includes two P-
type transistors (402 and 404) and one N-type transistor 406 coupled between a

power source (Vec) and ground.

[0032] In accordance with an embodiment of the present invention, the

transistors utilized herein may be field-effect transistors (FETs) such as metal-

9
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i mpl ementation of the driver slice 208 of Fig. 2. The
circuit 500 includes a parallel transistor 502 in part
wo 2008804354 educe the size associated with the cPCTUS1004/018417
400 of Fig. 4. Mre specifically, since the adjustable
stage of the circuit 400 includes two transistors in
Sl )
gy e Q05 P, SRS A Yo he present
. transistors were non-adjustable. As illustrated, the
invepHas; at enalsg biassveltags! é_ttjtl@@ahe ehthedtzangistor #2)oatapplied to the
-pad with its gate coupled to the gate of the

Py BB ol SR A BN 0 R NS R
out put stage may be bal anced for process, voltage,

gataedi thyr transiptor 406). Widr teapedrie vafio08 4intiidgmeits of the present
illustrates an exenplary slice enablenent circuit 600

A P ' [ t th resen

inveRaB EALAARROLL B ERR TR & Bl ARG Rb e gtop @
the circuit 600is an inplenentation for the digital

MOSHE)anege bemttidtzedg | ogic 204 of Fig. 2. To digitally
sel ect the nunber of slices needed to achieve a target
i npedance, an inpedance reference may be used. In

00B860" S0, 44l HBRL B B HRESRED o e vy

done by tuning a pull-up device 602 agai nst an anal og
stape eiscli080( in gecprdanceenih iaarentlsodimen o€ tiaprasefiein@enton. In
resistor such as resistor 202 of Fig. 2). The anal og
04 furt

bi a er_includes. a resistor 6.
ond’ b elpipec e ertrti R 15 S AL Egieseney

be applied to several other pull-up devices (such as
implearsitstiot 6f thetdivearsticO20G0§Figl 2 eThefcicu’680Bheudeda parallel

enabl e sel ection of a w de range
transistor 502 in part to help reduce the size associated with the circuit 400 of Fig.
4. More specifically, since the adjustable stage of the circuit 400 includes two
transistors in series (i.e., 402 and 404), their size will be approximately twice as
large as it would be if the transistors were non-adjustable. As illustrated, the
transistor 502 is coupled between Vcc and the output pad with its gate coupled to
the gate of the transistor 404. In another embodiment of the present invention, the

size may be determined such that the output stage may be balanced for process,

voltage, and/or temperature variations.

[0034] Fig. 6 illustrates an exemplary slice enablement circuit 600 in

accordance with an embodiment of the present invention. In one embodiment of

10
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of target inpedances to tune against. [0035] In one

enbodi nent of the present invention, the binary sized
w@eios/oasin devi ces 608 are then digitally tunePCHYSINE018417

the pull-up reference. These pull-down devices 608may

be representative of the pull-down strength of the

. » o

el 11K Rn, the Byl BPRERDSISRG i hof e i
. enbodi nent_ of the present invention, this is done b
impgshsinge meptshingdegicRi of gLl Teod @jitally selach thennwmber @%l slices

| ess pul |l -down devices 608 and check if the voltage

SR B AR AR R RO TRy e

above or below a reference 614 (e.g., VccQ2). A
accptdegycriwitls abiemisidiment ohée presentonveedon,cuahstsdhat illustrated
machi ne 616. The state machine 616 nay be viewed as a

i S B LA GBS0 R Sl PPl o

flops (618)may be used to avoid netastability. [0018]
(e.g. ninaektiotaiocm axteimad/indferkine nesstof stbleapresdstat 202 of Fig. 2). The
invention, the circuit 600is envisioned to provide

everal features to,avoid. "hunting'..du 0, granu It
andlfe Bl ol StRE R ishistet o "l 4 B2 e Y
Generally, hunting exists when the digital controls
resaltihgdsias signbl shaydggdpplipdaetseeernl bitergatbupwevas yasch as
even though no change in PVThas occurred. In one
enbodiinent of .the present inventjon, one featurge is
T Ra R Y D4 0% e gl selegtin of 3 uide ange
the driver slice granularity. Wien used with a
of tafkHh @@ dhHeditoeine hogiakt. Ng

[0035] In one embodiment of the present invention, the binary sized pull-
down devices 608 are then digitally tuned against the pull-up reference. These
pull-down devices 608 may be representative of the pull-down strength of the
actual driver with an impedance granularity equal to half that of the slice of the
real driver. In an embodiment of the present invention, this is done by applying a
code (Pulldownsel 610) to turn on more or less pull-down devices 608 and check if
the voltage between pull-up 602 and pull-down 608 devices (e.g., by using a
legselout signal 612 on the figure) is above or below a reference 614 (e.g., VccQ/2).
A plus/minus bit 615 may then be provided to a state machine 616. The state

machine 616 may be viewed as a sample flop (618) and an up-down counter (620).

11
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that is occurring on the pull-down controls is not

envi sioned to affect the actual controls used to
w@edospoesshe slices. In a further enbodi nent of PETIES2004/018417

present invention, the other feature is a digital

filter that reduces the response of the systemfor a

In %ﬁ%ﬁggdﬁﬁ‘?{to(?qﬂﬁ g%s%ﬁt il ehtion] QR s%ﬁé@ ?ltg:ﬁg ré?18) may be

I men present 1 nvention,
i npedance is sel ected based on a calibrated source
usedrtd/ayoicdmedatakility.abl e. 1 n yet anot her enbodi nent of
the present invention, the digital matching | ogic
includes a circuit to conpare a reference scaled by a

[oo1gi" 9€t clﬁga}%ceé\f%a%&? nv@%k?&%%b?ﬁé@%%q tﬁ% i)ﬁ%eﬁ{ fr%hﬁﬁtﬁhtgerkircuit

adiffere present “1 nventi on,

digital matching logic includes a state nachine to
600ss apVisidried togrmpaideseneral featatesdnaiviosd “ewhicog hdue tof

the present invention, the binary-weighted slice

I O O A N

present invention, the digital matching |ogic includes
huretird epistalwlieén therdigital @hiods aongarstadly togjglingdehobarthe same
[0020] In one enbodi nent of the present invention, the

lied to th | I.- devi t t
wciHGeT I A S VS B SR ACORRb R o
be enabl ed. This may be achieved by carefully

the pebRelt img:raRin, 6fe $éatefe isByattheigrgnalaeiay bbtiat @inpadson is half
Sel ectabl e reference pull-up and a fixed size ratio

bet ween.driyer slice pull-down devices and.tunin :
thaph e qiirP:abor scatlribr VRO LBEOREH: FRERRNS Biepepstogsling
may be adjusted to any sel ectabl e i npedance. This
that is occurring on the pull-down controls is not envisioned to affect the actual
controls used to select the slices. In a further embodiment of the present

invention, the other feature is a digital filter that reduces the response of the

system for a sample that had noise in it.

[0019] In another embodiment of the present invention, the target
impedance is selected based on a calibrated source and/or a look-up table. In yet
another embodiment of the present invention, the digital matching logic includes
a circuit to compare a reference scaled by a target code with a binary-weighted
slice structure. In a different embodiment of the present invention, the digital
matching logic includes a state machine to sample the comparison. In yet another

embodiment of the present invention, the binary-weighted slice structure has a
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may be limted by process and driver size in an

enbodi nent of the present invention. In a further
werwodidsent of the present invention, setting BPEEUS2004/018417

external /reference resistor value (e.g., 202 of Fig.

2) and/or the adjustable pull-up reference code sets

B B T R R P s Sjodgment of
mat ching bias circuits 700 for adjustable pull-up

the(mesent ipventibra dhedigitsl maddhingdogis indndes g digital filter to reduce
accordance with enbodi nents of the present invention.

g[@ [ t of the present invention, the
Concl:\p?rg%ﬁs 8@ an%’SOO may be utilized to inplenment the

pul | -up/ pul | -down anal og matching circuit 206 of Fig.
2. As illustrated in Figs. 7 and 8, the )
[00RQll | - up/Jpudnie etobadimaentinirthe prgsebbinventiop) thehedlemprdied to the

anal og control |oop.[0022] In an enbodi nent of the

R St T L R

and 802) are used to generate the gate bias (704 and
nee8Dib, ber xspded. i Vleisyay be deltieved bgicatefillly aeleoting detvice sizes. By
voltage (e.g., VccQ 2) across the voltage divider

f.or med;. the pul |- U 602 of Fig,. .6) and_pull.- down
hayifR g <glibiattd el et Bl el R Rlarfla AR iz AP

present invention, the generated gate voltage is
betaeehideileraliad pulifddvine ddvicee and ltimieg. pull+eotvan devicts, iiciar

ef fects caused by the devices saturating, it may be

necessar o trimthe . output stage or. use a.different..
emigpara fott tHEAEiTEE BENAE TH1EHeTCR ABY SFISOREIS FPRAhce. This

enbodi nent of the present invention, the circuit 700
mab el 1tREd by process and driver size in an embodiment of the present
invention. In a further embodiment of the present invention, setting the

external/reference resistor value (e.g., 202 of Fig. 2) and/or the adjustable pull-up

reference code sets the target impedance to an optimal value.

[0021] Figs. 7 and 8 illustrate exemplary pull-up/pull-down analog
matching bias circuits 700 for adjustable pull-up (Fig. 7) and adjustable pull-down
(Fig. 8) in accordance with embodiments of the present invention. In one
embodiment of the present invention, the circuits 700 and 800 may be utilized to
implement the pull-up/pull-down analog matching circuit 206 of Fig. 2. As
illustrated in Figs. 7 and 8, the pull-up/pull-down matching may be accomplished

by an analog control loop.
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a transistor 706 coupl ed between Vcc and a node 709
(which al so provides an input of the op-anmp 702). The
W@ R0s0ds5400 further includes a transistor 708PCTIB2904/018417
i s coupl ed between the node 709 and a transistor 710.
The gates of the transistors 706 and 708 are grounded.
[00ZPe gat elrPdn ERBOHIRARSE éﬂt‘h@ _?Z'é&n!t nFAHRIE grah%s‘cdl@ are scaled
output of the op-amp 7 . The circuit 700 al so
des tran i star 714 coupled bet ween t he node 709
an‘%lEn %%‘HGFI&O jla% driger sligest Qprampsdy0%and 882)asgpised to
to Vcc. [0024] In one enbodi nent of the present

ST SR b P RSB Rey BT ffan
ate of the transistor 806 is grounded. The transistor

volfape (p - aY &/ 2bappesithey ddtage dhivigler femhed hy dhe puprup (6feof Fig.
an input of the op-anp 802). The transi st or 810 i's

6) 1B PR QNG F’lg %) 1%6!4/?&%&11? gﬂo ST SPL ?xﬁ;d)cﬁ t E)Pﬁaﬁ{éresent

si stors "808 an are _
C|rcu|t 700 further includes a transistor 812,mh|ch i s

inventipn dhe igenexsted ghte wdthge8d appliet tr allinfitheTdBveadlizenf Due to
the transistor 812 is coupl ed to the output of the

[ 7 _and h
norf B P GRsa el et Ry SR B8 gL e iy ¥ b e
al so. [0025] In a further enbodlnent of the present
(nﬂpuVQngomuseachﬁbnmﬂm@knnmdvbhagebﬁ&mahenaaeﬂm1snatch

may be reduced to an average of 7 nV over design
corners when using the anal og techni que (such as those

scuss t S...d:.-and Wih 1.8V,
l0og1ERar g P ErbSRER: of Bt beplndRhuph sl includes
t han
a transistor 706 coupled between Vcc and a node 709 (which also provides an

input of the op-amp 702). The circuit 700 further includes a transistor 708, which
is coupled between the node 709 and a transistor 710. The gates of the transistors
706 and 708 are grounded. The gate of the transistor 710 is coupled to the output
of the op-amp 702 (704). The circuit 700 also includes a transistor 714 coupled
between the node 709 and ground. The gate of the transistor 714 is coupled to

Vce.

[0024] In one embodiment of the present invention, the circuit 800 includes
a transistor 806 coupled between Vcc and transistors 808 and 810. The gate of the
transistor 806 is grounded. The transistor 808 is also coupled to a node 811 (which

also provides an input of the op-amp 802). The transistor 810 is coupled to
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0.4% [0026] In accordance with an enbodi nent of the
present invention, a hybrid inpedance conpensated

whedoseeesses di scl osed which operates as a conbi PEHUR2NE018417
digital and pure anal og design to produce a calibrated
driver with small area while maintaining excellent

grdfld adiiRtatedd oML gﬁ%§ Bi ﬂ& trérfbliﬁofs%dSrher{d m%ismﬂtcoﬁﬁled to

the present inventton, the pull-up inpedance
relatively BreciseLy mat ched to the:fuIL-den by an
Veanihe girewin 9o furtherpnakides attransigiey @12, whieh imeaupled batwveen

overall buffer is determned by a digital control

thd AU 811N Rf gﬁﬁﬂﬁf‘ Gﬁ‘l%&tg of @l?f% {}gf\sigtrgf %g.‘z EE.E&;u}ﬁE% :tg ﬁ}fs output

present 1nvention, thts results 1n a driver
the relatively precise matching of an analog circuit

of thetopramip §02-(8P4)d iseillustratedsincligas’ a8, lndthtdpeanipgi(¥eR and
nmet hod. [ 0027] Whereas nany alterations and

I f: ' .t resent invention will no doubt
Soﬁgggg&{éggtﬁlgg%éﬁﬁ&trg tgéi?%én of ordinary skill in the
art after having read the foregoing description, it is
to be understood that any particul ar enbodi nent shown
[002hH descli déurther emapodiméntiafshe arésent inventionpitwagnvisioned
intended to be considered Iimting. Therefore,

T e G T N

thensel ves recite only those features regarded as
coraesewhen using theenatogetechnigudkigdcH & Wodé MEoliSsedlwith respect to
circuit conprising: a plurality of driver slices, a
F1grs)o'J7’ L8 %).O{Nihp ?SR} gfg%laiiﬁ% I&Ielst, tcll*?is C%(ref)f/e%gntsslalnce%%r of less than

0.4%.

[0026] In accordance with an embodiment of the present invention, a
hybrid impedance compensated buffer is disclosed which operates as a combined
pure digital and pure analog design to produce a calibrated driver with small area
while maintaining excellent pull-up/pull-down matching. In a further
embodiment of the present invention, the pull-up impedance is relatively
precisely matched to the pull-down by an analog control loop while the target
impedance of the overall buffer is determined by a digital control loop. In
accordance with another embodiment of the present invention, this results in a
driver that has the relatively precise matching of an analog circuit but with the

reduced area such as that of the digital method.
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bei ng used to provide a target inpedance; a digital
matching logic to select the portion of the plurality
wo@Rooshesses i ver slices; and an anal og mat chi ng BCT/US1004/018417
to produce a bias voltage to match pull-up and
pul | -down. 2. The circuit of claim1l wherein the
ital
008t ol ¢ JroA e I e E B aha hOGRRLEhERe Ble plen
itenms selected froma group conprising a target
invienpien avitlencadioulai beeberecapmrerisiost persos of thdinary skilltindhe art
claim2 wherein the target inpedance i s det erm' ned

ate g Py Tl Re Seectins Y 1T B buenioB B e

or nore itens selected froma group conprising a
partialildrreatlsstisemt cRowmcaral dexekibag byabhy of Blustiaion is duind way
of claim1l wherein the di gi taI mat chi ng | ogi c incl udes

1nt%rbcgegr I%C%I%H?%gaj{ ity r r que, GS %liﬂeﬁdep ?% 11%rogf various

structure. 6. The CII‘CUIt of claimb5 wherein the

embodinhéits e A6t dgendrgl © lime thdesopse of thealaaahivAihtia
sanpl e the conparl son. 7. The circuit of claimb5

wher ein the hted pyl I.-up/pull-d
themselves recite on y tﬁoge F%ﬁgres reg:ﬂ*g d as %s ential to ’Eﬁne invention.
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structure has a fixed percentage m ni nrum wei ghti ng. 8.
The circuit of claim1 wherein the digital matching
wo o@so0dseel udes a digital filter to reduce conpEr/USmN4/018417
rel ated noise. 9. The circuit of claim1 wherein the
digital matching |ogic includes a rounding function to
prevent hunting. 10. The circuit of claim1 wherein
WHARYS EAIVEDIS] i ce i ncl udes an unconpensated | eg and a
conpensated |leg. 11. The circuit of claim2 wherein
the unconpensated leg includes a circuit selected from
L. gﬁ%“&ﬁ%‘?ﬁ’@lﬁg a pull-down circuit and a pull-up

h
o e SR R BT e
d [l -
o R ETRS  LETL  T
CoTPI3eA 8y RERSEH S AR AR LR B v

sliceh;'zii t is selected froma group conprising a dri ver
and a buffer. 15. The circuit of claim1 wherein the
bi agn wedlbageatiRinghesuRtolp r@auh@arwé vSIRMR-to Hatch Rill-up and
circuit of claim1l vvherel n the anal og Errhg@chl ng ci rch
pulbplemat.es i ndependently from a nunber of driver slices.
17. The circuit of claiml wherein the bias voltage is

distributed to all
2. The circuit of claim 1 wherein the digital matching logic selects the portion

of the plurality of the driver slices based on one or more items selected from a

group comprising a target impedance and a reference resistor.

3. The circuit of claim 2 wherein the target impedance is determined through

a dial-in code.

4. The circuit of claim 2 wherein the target impedance is selected based on
one or more items selected from a group comprising a calibrated source and a

look-up table.

5. The circuit of claim 1 wherein the digital matching logic includes a circuit
to compare a reference scaled by a target code with a binary-weighted pull-

up/pull-down structure.

6. The circuit of claim 5 wherein the digital matching logic includes a state

machine to sample the comparison.

7. The circuit of claim 5 wherein the binary-weighted pull-up/pull-down

structure has a fixed percentage minimum weighting.
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i nput/output (1/0O drivers. 18. The circuit of claim1l
wherein the pull-up and pull-down are conpared at a
w@raoenoasef er ence out put vol tage. 19. A nmet hod PCT/US2004/018417
conprising: providing a plurality of driver slices;
using a portion of the plurality of the driver slices
to provide a target inpedance; providing digital
8. matThe dgedibgf daine 1seheein thHesdigital inatchihg Idygic phaludeéd 4 digital
of the driver slices; and providing an anal og mat chi ng
filteyi togadtce oomppadsmereatedawiscwl t age to match pul | -up and
pul | -down. 20. The nethod of claim19 wherein the
digi tal, matching | ogic selects the portion of the
9. pl ukhe ¢irguibef elpan dwheteinsthecdigitp hing degic drcludesea
itenms, selected froma group conprising a target
UP@ﬁéﬁBHEQOQEHFEGY@ﬁgFH%EE§resistor. 21. The net hod of
clai m 20 wherein the target inpedance is determn ned
t hrgugh_a.dial;-in.code. .22. . The nmethod qf .claim 20
10, e P HEO P plR TR st st Do anisB ndllg e B TofOmpensated
j l.ected froma group conprising a
Ieg%éﬁggfg?%é séﬁf%@'and a | ook-up table. 23. The nethod
of claim 19 wherein the digital matching |ogic

11. CONPA &8cit of claim 2 wherein the uncompensated leg includes a circuit

Io

selected from a group comprising a pull-down circuit and a pull-up circuit.

12.  The circuit of claim 2 wherein the compensated leg includes a circuit

selected from a group comprising a pull-down circuit and a pull-up circuit.

13.  The circuit of claim 2 wherein the compensated leg is compensated by an

analog control voltage.

14.  The circuit of claim 1 wherein the circuit is selected from a group

comprising a driver and a buffer.

15.  The circuit of claim 1 wherein the bias voltage matches pull-up to pull-

down.

16.  The circuit of claim 1 wherein the analog matching circuit operates

independently from a number of driver slices.

17.  The circuit of claim 1 wherein the bias voltage is distributed to all

input/output (I/O) drivers.

18.  The circuit of claim 1 wherein the pull-up and pull-down are compared at a

given reference output voltage.
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reference scaled by a target code with a
bi nary-wei ghted pul | -up/pul | -down structure. 24. The
woreqoloehssf cl ai m 23 wherein the digital natchi PQI/USI00018417
sanpl es the conparison. 25. The nethod of claim 23
wherein the binary-weighted pul | -up/pull-down
structure has a fixed percentage m ni nrum wei ghti ng. 26.
9. TheAraethod eomptisings 19 wherein the di gital matching
| ogi c filter to reduce conparison

ovides a digjtal
rellé?oépé‘ﬁlﬁgl%@lur@w C%Iﬂgl‘f?étsﬁé‘%ﬁ/of claim 19 vvherel n the

i t.al rmt n reve ts hunting. 28.

%?%P ByEP i domgluralivee! The safter alicar toquovida target
a d| spl ay device coupled to the CPU to display

|ma(ge a plurality of driver slices, a portion of

f slic bei us t .

o P b S O ISR By Py o e
t he portion of t he plurality of the driver
dn\gcf}ls?gé@%ggd an anal og mat ching circuit to produce a

bi gsrovdihaae eir&l ; I A rr$ HE bRt 3 %r&%ée EFB%@ e o?t%ge I(p ﬁmtch

conput er system 28 furt I nc
pullrapamy pull-down.

1m15e

20.  The method of claim 19 wherein the digital matching logic selects the
portion of the plurality of the driver slices based on one or more items selected

from a group comprising a target impedance and a reference resistor.

21. The method of claim 20 wherein the target impedance is determined

through a dial-in code.

22.  The method of claim 20 wherein the target impedance is selected based on
one or more items selected from a group comprising a calibrated source and a

look-up table.

23.  The method of claim 19 wherein the digital matching logic compares a
reference scaled by a target code with a binary-weighted pull-up/pull-down

structure.

24.  The method of claim 23 wherein the digital matching logic samples the

comparison.

25.  The method of claim 23 wherein the binary-weighted pull-up/pull-down

structure has a fixed percentage minimum weighting.
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coupled to the CPU. 30. The conputer systemof claim
28 further including a nenory coupled to the display
wa@lewsoessso store the image. PCT/US2004/018417

26.  The method of claim 19 wherein the digital matching logic provides a

digital filter to reduce comparison related noise.

27.  The method of claim 19 wherein the digital matching logic prevents

hunting,

28. A computer system comprising:

a central processing unit (CPU);

a display device coupled to the CPU to display an image;

a plurality of driver slices, a portion of the plurality of the driver slices
being used to provide a target impedance;

a digital matching logic to select the portion of the plurality of the driver
slices; and

an analog matching circuit to produce a bias voltage to match pull-up and

pull-down.

29.  The computer system of claim 28 further including a main memory

coupled to the CPU.

30.  The computer system of claim 28 further including a memory coupled to

the display device to store the image.
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