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conpensat ed buffers. BACKGROUND [ 00201 Rel at [ veI y high

speed interfaces that use push-pull drivers such as

8 l e datarate(hf ) and DDR Il nenory controllers

[ ire i o8 seipdsmaserialthahis subjochid ¢epyright protection.
meet the signal -integrity requirements of the
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o Py BER P P POIBICBERTo SAP BSigle OB RO R o B patent
vol tage swing of the driver generating the si gnal .

disclosure by any person as it appears in the Patent and Trademark Office patent

files or records, but otherwise reserves all rights to the copyright whatsoever.

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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1 WO 2005/ 006554 PCT/ US2004/ 018417 [0021] There are
two i nportant requirenents for the driver inpedance
YEhWOFPO6SFhe first requirement is that the dri VREEUS2004/018417

mai ntain tight matching of the pull-up and pull-down
i npedance so that the center of the voltage sw ng of

[odpe] dri V%ef@al‘@ e ngoftﬁﬁt fe%ﬁ.]l ﬁ?h‘fs ¥ tha Ui H‘fpe‘iﬁlgnce

maxi m ze the vol tage rgin can be critica
when_ deal i with signal integrity problenms such as
cpnigl phis S?@@M}ermnet 1§éb@hﬂileldrpmrs araintaém tighe meatthingrof the

|rrpedance control of the buffer is to maintain _ .

I
p‘i?t‘fleuﬁgtrtldgﬁﬂlggéwhm%ﬁ %{); gh%c::]tﬁe g%llété? of ﬂ'l:e {Iol‘f%aeaptﬁﬁtg of the
+/-10% This toI erance is | ooser than the requi r ement .

driyer jaglosato/thairefedenae volppegriet toanakinmge thOvpRagSmargin. This
Generally, a snmaller die area | owers the manufacturing

suc to drive.do
<298k il e BERy SAPLuBheHirestit WGP eatpih Aring Batc
driver may be limted. This can be at odds with the
requi renent for inpedance control as seen in the

[@922br ar t The 6eD4id iGnportantrreqtiiramene fatintgedaeice @ohtriob of the
problemis to use digitally 15 controlled | egs that

d
ofEr &40 BERH By R BEEB IR RS P B8 R Fopsxame, the
the pul | -up and pull-down are generally separate

diieermay riekd to aedandmpedanas bL18 Slhings+L 20%. MEniB Ybleratie is
are often times different than that of the pull-down

rocess, voltta fj E erature (PVT)
logggre an the requirément for %u’ll—up pu do wn impedance matching.
[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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. WO 200" 5/006554 PCT/ US2004/ 018417 O [00251 Digita

| eg selection provides relatively smaller driver

VO 700065t pure digital method, however, requPEBES2004/018417
fine granularity to enable the puI | -up and pul | - down

to be matched closely. The required nunber of

[0@25‘[1 ependgnibith] l@ Sefelfion E}%%d@@%laﬁ’@é’lpl%éliéfﬂiﬁ@' sizes. The

ecti on an a so cause problens w routi ng
[00261 Anot her approach is to use a_pure anal og
pure digitel method; bowayer, re%éﬂs&gimgmarawetomab& the pl-up and

give the desired pull-up and pul | -down i npedance.

puﬂ“&évrvglﬁb 'B%qng{cﬂ}é%l %ﬁ?s [Pl 26 lu?ar %bgggpﬁrdeﬁfe?ﬁent lines for

cont 'T'nes w gra wever
nmet hod potentially reqU|res a Iarger size driver size,
pulldpwntandopelhuwgpdegiseleptivn capaksodaps¢ preldemstwithsogtiogs
need to be increased to 10 reach the desired
inpedance BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00181

[Oq%in I nvent] oQﬂex' %‘;#1]0{@181% {4 R3LGH d bﬁf%%a(f%%pma s @gée,

tatio ures of € acc anyr ng
dr awi ngs, | n V\/nl ch i ke references indicate simlar
analogitdasesiara hdpisteteiut give dineldesireshpuli:upland @odlddowndmplkdance.
illustrates an exenplary bl ock diagram of a conputer

TR Do AR B B BT S e

exenplary hybri d conpensated buffer circuit 200 in
graadaritandewsivel) this raethodi patahtisity tdyprirgseskapger size driver size,
i nventi on; 3 WD 2005/ 006554 PCT/ US2004/ 018417 [ 0021]

in N yl&%c L ‘lt' &tl-up aar{]d Séﬁ 'H%Jv% a%ls{s éjrlstnegé:l%g li)grlrl]lgl'feagerc]:l 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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«stage circuit 300 in accordance with an enbodi nent of

the present invention; [0022] Fig. 4 illustrates an

WOSABYWESSci rcuit di agram of a P-type output SRGEIES2004/018417

circuit 400 in accordance with an enbodi ment of the

present invention; 5 [0023] Fig. 5 illustrates an

[@02adp! ar y Figi, BGllizbtrsieaahaken] {o

circuit SOSgl n accordance Wplﬁr}gﬂgdéﬁnggitﬁggn@nﬁt %#rﬁﬂﬁtgpe output
sent vent| on;. [0024 ig. 6 illustrates an

EBSG#HICH%t Qin gecardanre s an:emhg»dtmenbof thequresenddnvention;

W th an enbodi nent of the present invention; and

[0025] Figs. 7 and 8 illustrate exenplary

go22) - up/ pwt I Iﬂyf}p p1

[for!adj ust %429%%%@@369%%}% 1) élfd“ tgia?ﬁ‘ (ff%uPtt?pgggtput
ul I -down (Fig. in accordance W th errbodl nments of
Ctﬁflal&é@? in ﬁmdaneﬁ witiien embopisar efitheprpsotshvention;

the foll owi ng detail ed description of the present

i nvention nunmerous specific details are set forth in

- [0U29PT to PIOYIiHRsiRa £9ﬁ%¥9&ﬁ f;&?ﬁ%‘ii&ﬁg%ﬂ%f%& e output

present invention. wever pparent
skilled in the art that the present invention my be

stagacirreis G0in henprdamesswithspeenbodinientafi the preseit fiwvention;
i nstances, well-known structures and devices are shown
i n bl ock di agramform rather than in detail, in order

BeE ) Coosht B Bubo e PRRERE o 8%?@%*’%“}9@?5??@“ ¢oin

the specification to "one enbodi nent" or
acoepdaticesmith ameanisodiant of plae presehbinvieationy md
structure, or characteristic

[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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vdescri bed in connection with the enbodinent is

{Pﬂ’gﬁ ed in at | east one enbodinent of the invention.
MB&3Hances of the phrase "in one 5 enbodi MEAYUS2DHH/018417

various places in the specification are not
necessarily all referring to the same enbodi nent.
[p@i920] Fi Refdrenté uﬁtHeésTgsiﬁ@ﬁti&x edTPd1Re ¥mbb ket o8 &R

of a conputer system 0 in accordance with an
vention. The conputer

eggyo%gimat of the present i o
4 eiinRbomenes Hintd RaTBetler Seatire, SEUSIHE, GhaharpceTpti
102 coupled to a bus 105. In 10 one enbodi nent, the

dERHQPIN conteBliOR AifiPthel dinbSBinRentd tHeluded A% ¥aQfone
processors including the Pentiunm(r) Il processor

famly, Peptium(r) I11_processors, Pentiun(r) 1V
epsitocidient of tedny abien. Thappeasnicisrafdhe phagseltinsanet a

Clara, California. Alternatively, other CPUs may be
ebBHRAimeHE inAfarldtsPlades iR TR g%&rif?&?ﬁﬁoére r{ﬂ@ E‘%P?%?EWRR};‘ referring

Bani as Processors,” ARM processors aval l a

Lé‘% of Canbridge, the 15 United Kingdom or OVAP
tyiesemepmpadinaemtanced ARM based processor) avail abl e
from Texas I nstrunents, Inc., of Dallas, Texas. [0021]
A chipset 107 is also coupled to the bus 105. The

ppset 1f6 1k 110.
OBROP Yo 115 il R 2 Bloty PRS Bagfiif o gy system
is coupled to a main system nenory 115. Main system 20

ordemee witle an ¢athodiment efjtherpreserdfiniastionicThensmputer
that are executed by the 5 WO 2005/ 006554

syt 100 B dacs SRl Pt B (R DT 107 P hPEA BRI Tos. 1n
menory 115 includes dynam ¢ random a;:cess menory

orfeRAbpdimértehee€PUnidris a yebesssominthy Pehbiuie® fagily of processors
i mpl enment ed usi ng ot her nenory

including the Pentium® II processor family, Pentium® IIT 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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.types. Additional devices may al so be coupled to the
bus 105, such as nmultiple 5 CPUs and/or nultiple
KO0 M0efdkori es. [0022] The MCH 110 nay al so i mEiTIR0m/018417

graphics interface 113 coupled to a graphics
accel erator 130. In one enbodi nent, graphics interface

CPLBI O%K&gpéﬁér Hevid 1RR0HES iR B REah 00130 ok 2nBbdiment,
at éd ) th

accel er graphi cs port (AGP at operates
according to an AGP Specification Revision 2.0

maf systemanemesy dps indydesd phamingraad ppoacresomenioSMBAM);
Clara, California. In an enbodi nent of the present

j ' l-6i . . t
hoRYET: hitin sPuek TS 118 a8y B BIoRERERIRISE o fimory
converter that translates a digital representation of
types.i Aulglitinad deides mays alsp dpeodplddc® thediusdSy suieoas multiple
menory or systemnenory into display signals that are

i 7 Lspl ayed by the flat-panel screen. It
CFQE%%%?@F%@&%%Q{ g‘%’eﬁrgor&%/sspl ay signals produced by
the display device may pass through various control
devi ces before being interpreted by and subsequently
[0622p| ayedTenMCHd 1fIDahaypalse indidpbgyraphits interfac8123Folipled to a
addition, the hub interface couples the MCH 110 to an

i nput/output control hub (I 40 via a hu .
rpRfish B lorcttioif or mieditent rapbieeriplitaced 19 s coupled to
i nput/output (1/0O devices within the computer system
graphics dbeelératdr BBOWEa 20QRLEEAHBED rdphitd SSHRGACLBREY opdribes

may be coupled to a Peripheral Conponent |nterconnect
achhi R Fn el Bpetifiaes Refetans O inegse develspg iy Inte
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
envisioned 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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. Portland, Oregon. Thus, the ICH 140 includes a PCl
bridge 146 that provides an interface to a PCl bus
WQA2005M6eSPCl bri dge 146 provides a data path beCnwaspoos/018417
the 5 CPU 102 and peri pheral devices. [0024] The PC
bus 142 includes an audi o device 150 and a di sk drive
. . . L _
e R P Prlph el CORPlorkt ekt T By adheving
PCl bus 142. In addition, one of ordinary skill in the
tog $pegificationdReyrision 2 hhus deeloped by the RCINpecinl ntersst Group of
be conbined to forma single 10 chip. Furthernore,

[ e .
PERR R TS 1CHAOGREe} BRCIITH 148 gl RRhvides an
peri pherals may al so be coupled to the ICH 140 in
invexfdoe e adifflonolia k42 STheFRET levidppll46 psovitepe daphpathl lsetwiyn the
include integrated drive electronics (IDE) or snall
ter st.emjnterface (SCSI) hard drive(s), 15
Clﬁﬁ:{@graglglﬁ%g?}?eﬁi 49dCesUSE) port (s), a keyboard. a
nmouse, parallel port(s), serial port(s), floppy disk
drive(s), digital output support (e.g., digital video
[002#]er f ac &lhe( PRI biis 14nighchutkes|ankaudidele®oeet5) dridea disk drive 155.

conmput er system 100 is envisioned to receive
e of the fol

e o7 of BRdiGpy SRR Bfe 8t whlaridreptate thag ot dRgices may be
current (AC) outlet (e.g., through a transforner

coaplbidoto tAe PCIdnisordD. RUddTEbhVEhPONSHdiRARIIEIE t the art will
al rpl ane power supplies, and the I|ike. WO

2005/ 00655~ | [ US2004/ 018417 [ 0026] Fig. 2
rediiiis (oF ae GROAG LM D cqubbhs sombpasd ta foreya single

circuit 200 in accordance with an enbodi nent of the

chip. eR@fthernin@DEidphicsdteleldioH! ' i i
Y. e Erdphicsldt@cle \Xﬁf‘i%ﬁ%béﬁﬁ&%\j@ml\% IéIllOm

i npedance reféerence 202, ich is”coupl en
r ou ng nd
ottier 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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~digital inpedance matching |ogic 204. The circuit 200
further includes a pull 5 up/pull-down anal og matching

WO RMF0W65296 and two or nore driver slices 208. PCOOREP04/018417
It is envisioned that the driver slices my be

digitally selectable slices (e.g., by utilizing 204)

t haveg; = - | j ' S
OGP oot et ot B YRR bt el RREr egcuie 200
of the present invention, the slices are binary
ingstotdtande writheam ambesiimient detherpliesentdnverisorgnThe circuit 200
requi renents. It 10 is also envisioned that there

g e R el RR PV bR S pler JRE5 e the g and
digital selection line (210) and one analog bias line

digitalim pedance eagidhing Ipgia@odl yTHeanidudl 200ferihep dudades afpull-
the drivers. [0028] In one enbodi nent of the present

invention, the drjver slic. 08.,are 15 connected

ur/ BB AP analdanblrhits S5udt 200 and TP mers AF ek Hen 208
enbodi nent of the present invention, the output
i npedance is controlled by turning on the appropriate

[oo2Rtber oflt Brdnwdsionéd tes tROdrivet sliGesafidy bk cigithilyhadleétable
driver slices 208 may be built with adjustable P-type

.0r type qutput_s e as wll be discyssed wth .
Slifes (51 DY BOF S, 200 G habe @éév}:f&w@-éapjwﬂ-%%matcﬁns in each
2005/ 0065-54 PCT/ US2004/ 018417 [00291 Fig. 3

slité (i} bRuiSizaly 2063TRh *hdoGs eAIHOdikieAty GFThe prédentihvdiftion, the
output ~stage circuit 300 in accordance with an

.enbodi_ nent of the present invention, In one .
slig@R Ry Ry V&?Ig&\ﬁ%d pF equa (weighb Aependingion desigiyrequtgments. It

illustrates an inplenmentation of the driver slice 208

is 8lso Bh¥isichedthat Bher€ Wblil BA8o bR Tho¥ahah ¥BuSlices 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).



.5 type transistors (302 and 304) and one P-type

transi stor 306 coupl ed between a power source (Vcc)
WARYYWeATd. [ 00301 | n accordance with an enbodPCEAIS2@E/018417
the present invention, the transistors utilized are
field-effect transistors (FETs) such as netal -oxide

[6029] CONdUE{0B ifikskpatedhivkd: lark%l%ﬁ?ctchﬁéramPgh'T@-?& Obutput
the present” 10 i nventi on, al og bi vol t age a]?

the gate of the transistor 304{) is applied to the

stRge ﬂiéu’é g0 in aecoadencegwithrearembedisnentpfthe poesent invention. In
P-type output transistor (at the gate of the

ohé éﬂﬁo’éﬁrﬁén@&ﬁhe tﬁl@é@ﬁ Intdi jort tl’g.l Livadif %(ﬁﬁlu@&at s agn

exenp ary circult diagram o type output
circuit 400 in accordance with an enbodi nent of t he

impplesantation ehtheadrivernslits 208 of Eighdd iTherircait A00denplueles vo N-
invention, the circuit 400 illustrates an

B N e e e e
404) and one N-type transistor 406 coupl ed between a

ppoeesowse¢er) @idgroand. gr ound. [ 00321 | n accordance
wi th an enbodi ment of the present invention, the 20
transistors utilized herein may be fiel d-effect

B8 sz0anrsEarrere Ml S anEfineal 8%”%%%%@@%%%9& the

) I n anot her enbodi nent of the present invention,
tranmastors liilizedvanetfiejd-effett trhnsigore(RETS) bect aﬁﬁﬁétﬁttﬁmde
402) is applied to the P-type output stage to nmatch

e SRR B ey R A ot

enbodi nents of the present 5 invention (such as those
10 mdellﬁfms &&((hgmld@bfag svoiage (4 the gatelof thaRraa@isist 304)8s applied to the
pul l-up

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
15  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 (Vcc) and ground.

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

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

9
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. MOSFET) may be utilized. [00331 Fig. 5 illustrates an
exenplary circuit diagramof a P-type output stage
Vo0 2ensiodesS00 i n accordance with an enbodi ment obctrhs2004/018417

present invention. In one enbodi nent of the present
invention, the circuit 500 illustrates an 10

j;oml ' ' | 0 Fig. 2..The
O SRR PLTL CROBEENE 3P inBbdfmdy 6t hl Bresent
part to help reduce the size associated with the
inyientight ana@galog hifagvoltage (Wbthe gape of thectxhhsistosid02pistdpplied to the
adj ustabl e stage of the circuit 400 includes two

PUr PP SLP St nBrlR i fe B BN e BongBlitat the
if the transistors were non-adjustable. As

gatelof she aransistor MO6)L SMitterespedt o vafidub entsudihetdef theqiresent
Vcc and the output pad with its gate coupled to the

B Ll 35t R i B s S puthup
such that the output stage may be bal anced for

MOSHKRTY snay beltitiged. and/ or tenperature variations.
[00341 Fig. 6 illustrates an exenplary slice
enabl enent circuit 600 in 20 accordance with an
Ln one odi ment

odi ment. of ..t h resent inventjon.,
m@%ﬂlo mrgééoéilhﬁg Py 5% F59wl thagram BE adatype output
invention, the circuit 600 is an inplenmentation for
stadeeciftivit 300 in dATPRIEHME SvitR bR RhilhdiR@n of Bk Efesghginv%ntion. In
o digitally select the nunber of slices eeded to
achi eve a target inpedance, an_ inpedance reference may

ongeemledimeny of Fhe pressat Mgt diecisyit HA0llustratasen

present invention, such as that illustrated 5 in Fig.

infpletBhation SfIRE Biel %H&é‘ﬂ)@oﬂq .' %.U’Phé?' EitLGR 500 4nAGALSS barallel
an anal og bias 604 e.g., InTrelation to an
external /reference resistor such as resistor 202 of

trarysptor§02 impart 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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.anal og bias 604 further includes a resistor 606. As
illustrated in Fig. 6, the resulting bias signal may

voe 2epsphised to several other pull-up devices (spchugfos/o18417
transistors) that are binary sized, for exanple, to

enabl e selection of a wide range 10 of target

i 2 . ' . . Ln.an di.ngnt
SRR er o, #RE AL B0 15 il Ros P A B
devices 608 are then digitally tuned agai nst the

impadangp matteingriogic 204 ed &ig. AulTo dipitaliteelecetheaiimbeayobslices
representative of the pull-down strength of the

BT At Bl DS BB AR AR B S Y et
enbodi nent of the present invention, this is done by

acapyelanicagvith an@entdditledovhtel predéht ihveitidn) seieh &b tieatdlustrated
| ess pul | -down devices 608 and check if the voltage

. t ., pul,l - 02, and [ 1-down 8 devices (e.qg,,
m%@ﬁ-ﬁ%%ﬁ%@ by i5ine it 49e f04 AGAINPIAT @)alog blas 604
above or below a reference 614 (e.g., Vcc@Q2). A

(elgl, U freliatioh tbiah efidrmapefélente R&iNbPYIEAESS telisforSiRdT Fig. 2). The
machi ne 616. The state 20 machi ne 616 may be viewed as
11

a, s I l.o 618) and an up-down counter (620).
IGO0 PO BT HOSlogas S aetDE 0vG. s IHHSERSEdR FBIG, She
the present invention, several sanple flops (618) nay

edifltits Bihd foylGhaly BEhppliaid b
leWi t hgenbod;gﬂrréélntgyof ? Eééglfdége%ra%%éﬁhlg%ﬁ ta ngcgﬁécﬁglhtas
600 is_envisioned to provide several features to avoid

trangigtershiat grebingry sigednfor sxample fto enableraslagtinn®f a wide range
measur enent and sanpling noise. Cenerally, hunting

' Fy\&p‘{h oV ontrols are constantly
of ng 58? |ﬁn g betc&/l“e1 Eonmfr%eatgggnn%

[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
rea] 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



.two val ues even though no change in PVT has occurred.

I n one enbodi nent of the present invention, one
weaowsressss that the granularity of the conpari $em/uUs2004/018417
half that of the driver slice granularity. Wen used

with a roundi ng function, toggling 10 t hat is

P LbblEn gl St1Fe Bpoer BV RE, Eisiol Surele P GUSS iy be
slices. hl a further enbodl ment of the present

usedvierdviobs methstabiliter feature is a digital filter that
reduces the response of the systemfor a sanple that
had noise in it. [0019] I n anot her enbodi nent of the

. ent vent | t 15 dance i s sel ect ..
10BE " on' B A Rice o bR eap oY Poeaent fredifods Bl circui
In yet another enbodi nent of the present invention,
600He edivigidrrid togirokidesedvedilfeati@és et oid “Ruhfitgt due to
conpare a reference scaled by a target code with a
bi nar y- wei hted slice structure. .In a_ differen
5 eraRpRaIreR N Simpedanse JaeaRureReBhand samphiagdiqse: {penerally,
mat ching logic includes a state machine to sanple the

hieRiReEtise WherlthéedigARddHFol S Qree&ﬁ% fogglingMetween the same

present invention, the bi nary ht e sllce structure
has a 6 12 WO 2005/ 006554 PCT/USZOO4/018417 fixed
twoeyalags aven theugh ngwghangeinddy T haspeawiredki renegmbpdiment of

-) further enbodi nent of the present invention, the

thé E%sieﬁt irRRnEBhNEn RGkSre 8 ThMARS é?alﬁlgglél&?t) {HeJ Jd?ﬁp&tqson is half

duce conparison related nois
enbodlnent of the present invention, the code applled
theiofithe drivepglice granlatity. Whenosed witls h apendilig fenictipn, toggling
into the nunber of driver slices that
10  thatis 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
15  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

20 embodiment of the present invention, the binary-weighted slice structure has a

12
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.need to be enabled. This may be achieved by carefully
sel ecting device sizes. By having a calibrated code
WRRUS(AETE ref erence pul | -up and a fixed size PETIUS2004/018417
bet ween driver slice pull-down devices and tuning
pul | -down devices, it is envisioned that the drivers
fined pbreentligest.gd Hadf sit¥) Sehieehumbiveightiped aA @urtHir enffbdiment of
may be limted by process and driver Size in an
enbodi nent of the present Jinvention. In a further
theRysseHaRYengion, jthe Efa’é matchipgdogisinclydes pieljgitakfilter to reduce
external /reference resistor value (e.g., 202 of Fig.
cohpaisbrPrelatbq rfldgist abl e pul | -up reference code sets
the target inpedance to an optimal value. ) [0021]
Figs. 7 and 8 illustrate exenplary pull-up/pull-down
nal og 15 matching bias circuits 700 for adjustable
mﬁaﬁ -up (v Qe embadianeni;aidhe preseptinvensian, thegagle applied to the
accordance wi th enbodi nents of the present invention.
. for Lo, _
P e ek Wi A ULl eices that
pul | -up/ pul | -down anal og matching circuit 206 of Fig.
need tade qriablast (Bhis anaynbepgievad by damfullpeelecting device sizes. By
pul | -up/ pul | -down mat chi ng may be acconplished 20 by

R ORI e e
pr esent 1 nvention, transistors are scale an

betwaréen duivedslice prli-dlowrhdedcesand tining pullciewnpde(id@?it is
and 802) are used to generate the gate bias (704 and

| eded Lo maintain .a constant .
el ERREE HRU L Y8 DAY BB SBBbpance. Th
formed by the pull-up (602 of Fig.
may be limited 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 §, the pull-up/pull-down matching may be accomplished

by an analog control loop.
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.5 6) and pull-down (608 of Fig. 6) devices. |In another
enbodi nent of the present invention, the generated
wat@sveissage is applied to all of the driver shPCT®S2004/018417
Due to non-linear effects caused by the devices
saturating, it may be necessary to trimthe out put

[9221ge Or HiS#h emBobiRERNGf thefRe&h HO i
Vcc/ 2. [0023] In one e{n%otgfgg%t g%‘ﬁ%{éf pl,grggi%{é?&s 2iéBcaled
i fion, the circuit 700 includes 10 a transistor

i nve : ) )
angh goniigiged do meatah dhe Jrizenslires. Rlpdempsd702vind 802) are used to
provi des an input of the op-anp 702). The circuit 700
drieiAateehe LR i | | 846 | ed
8 bet Weene F hg Iﬁgﬁ 270%0 and’ gés? %g%‘gé?g} fgérgocf?iot.o I%ﬁg&é%t ggonstant

of the transistors 706 and 708 are grounded. The gate
vaitageke gy Mae)/2) arogsiiteivoltege plividet formived bythe pullafp (602 of Fig.

op-anp 702 (704). The circuit 700 also includes a
de,. 709

t ' . bet h
0 REr RREEIL S 5 L MRS R0 Pl present
Vcc. [0024] In one enbodi nent of the present

inventény it gendraterl gataiviolt8g0id aympliedie® albof thandriedralic8$)6Due to
coupl ed between Vcc and transistors 808 and 810. The

d f ' 806 i ded. Th
ncpPieal efisER bR B P8 s Bty e ey Emecapivento trim the
20 al so provides an input of the op-anp 802). The

outprsage ar ugld differentif@éntevokagdelotter 20AP10H55- 4

PCT/ US2004/ 018417 A 6 ground as illustrated. The gates
of the transistors 808 and 810 are both coupled to
her inclydes a transistor

[0%§§ mle@ﬁ |01[[1§ gi o 118151@& thedgpresent invention, the circuit 700 includes
a transistor 706 coupled between Vec 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

Vec.

[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

14
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.the node 811 and ground. The gate of the transistor

812 is coupled to the output of the op-anp 802 (804).

W 20060066+ ated in Figs. 7 and 8, both op-anps PCDRSEINH018417
5 802) receive Vcc/2 as their inputs also. [00251 In a
further enbodi nent of the present invention, it is

g BaLiedtratdiR I THe Eatay 6f 229N 318D H @%&%dd{ﬁﬁ Qoupled to

to an average of 7 MV over design corners en usi ng
the_anal og techni que (such as those discussed with

VeesPae eirewit 769 fither ingludey a tuamsistar 812/ véhighid ¢ovpled between
| evels, this represents an error of |less than 10 0. 4%

I ne | ' r

O e e B ] o AR AT B2 B o Hle RIS B butpus
di scl osed which operates as a conbined pure digital

ofithe qpuampaiial (884)d s ifustreteghindiige 7sarch8,i bithtogdantps (202 and

with snmall area while maintaining excellent

gdg;)llr%%wéwé/%ﬁ %rﬂﬁ%lftgiafé%' In a further 15 enbodi ment

e pre I nverition, the pull-up inpedance is

relatively precisely matched to the pull-down by an

anal og control |oop while the target inpedance of the
[002&r al | blufd furthies edabetimient of Hye presenf inwentiontit id envisioned

| oop. In accordance wi th another enbodi ment of the

sSe Lhvention, this results in a driv that hags .

] B erp R BBl ik Br i Erouth Syprihe PEg nbY Puer design

but with the 20 reduced area such as that of the

cotnegyistvehermrasingdhe dhalog) técHifiqie (ifchr-ab thodd Wis2QEeU0431A Yéspect to
[0027] Whereas nmany alterations and nodifications of

.t h r eSEent ;. i tion.will no_.doubt becone appar.ent
Filgy, 7 AEBE ity ¥ e tdevelB S tehrediits ag ePial 0f Jess dhan
read the foregoing description, it is to be understood

0.4%at any

[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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. particul ar enbodi nent shown and descri bed by way of
illustration is in no way 5 intended to be consi dered

wo mdsiongss4 Therefore, references to details of yariustm4/018417
enbodi nents are not intended to limt the scope of the
claims which in thenselves recite only those features

rded essential .to.the invention. . 16
(DBEE] 065 L<BRsT ianf kol AripAp oy Aksion? ghe mresent
circuit conprising: 1 a plurality of driver slices, a
inventionmwitiind deulp hecahid spmirehhid apersen oflordamry BRI the art
used to provide a target inpedance; a digital matching

ogic.to _select.  the. portion of the uraljty of the
e s8] {HeforesniRe dre ity s cb e et stearhabany
produce a bias voltage to match pul | -up and
p#ticut@nbodmeHt 8h6Wnid d&cribediby wapo i@idtrdtih
digital matching logic selects thé portion of th
. plu ity of the driver slices based on one or nore
intended todtecansiflered kimiting. Jhsiefore rpferenceg ta detailpef various
i npedance and a reference resistor. 3. The circuit of
erfib8difheht¥RRE RbNnkdtRldPiodfhit! 9@5@ ' higd
through a dial-in céggtre. ﬁg}lt tgﬁg [ rgfuﬁiht% Cg?ﬁhg%%n
wherein the target inpedance is selected based on one
thgmsglyes re¢itnenly dhese featwresregarded ap essempiel to the imvention.

calibrated source and a 15 |ook-up table.

is in no way
e

16



10

15

20

.5. The circuit of claim1 wherein the digital matching

|l ogic includes a circuit to conpare a reference
WOEAEr4a t arget code with a bi nary-wei ght ed poulus2004/018417

up/ pul I -down structure. 6. The circuit of claim5
wherein the digital matching logic includes a state

0O machine to sanple the conparison. 7. The circuit of

!éiéﬂﬁﬁla_@w&!&h t he binary-weighted pul | -up/pul | -down
structure has a fixed percentage m ni mrum wei ghting. 17
WO 2Q05/ 006554 PCT/ US2004/ 018417 19. A net hod

1. . tC " o . . | .
co SFat BVfehg a plurality of driver slices;
' g he plurality of the driver slices

Vo of alulieh oPdrfes SitBaiaian Seths mneviof fhestgvcesiice
[ [ | h ti f the plurality
b‘gﬁkﬂwggaqgkjgg{élfdetsalotlaiéeﬁ&tgﬁgagp%\z d: ?13 lgl? a(r;alt ggmat
. : . Vo . .
a2 G i ithing {3eR B SS A BF kbt sRe BrusdD: of the driver
slivegrgidh the digital matching |ogic selects the 10

portion of the plurality of the driver slices based on

one & amalog nhatehigS et t8broliesh i Q&Eaﬁfé%h?-‘h&%lﬁ@ and

target inpedance and a reference resi st _
putktlowch.of cl ai m 20 wherein the target inpedance is

det er m ned

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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.through a dial-in code.

22. The nmethod of claim20

wherein the target inpedance is selected based on 15
oogEye itenms selected froma group conpri i'b"iﬂjs%o /018417

\ggﬁzlobr/at ed source and a |ook-up table. 23. The éf

of claim19 wherein the digital matching logic

conpares a reference scaled by a target code with a

18i narymeeh@htedppigirg: up/ pul | -down  structure. 20 24.
The gt hod of cFal m23 wherein the di gital matching

| ogi pr@ﬁdphgspimhtpor@ﬁvemmes,zs The nethod of claim
23 wherein the binary-wei ghted pull-up/pull-down
st r ugsinge pewion df the plpriityof dwedriver shes wep@Vidoa takt

impedance;

providing digital matching logic to select the portion of the plurality of the

driver slices; and

providing an analog matching circuit to produce a bias voltage to match

pull-up and pull-down.

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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