.2 2 DEC 2004 WD 02/0353 PCTIUS01/ 19326 BUFFER W TH COVPENSATI NG DRI VE
STRENGTH 1. Field of the Invention. The invention relates 20 fji¢ Pﬂ[ﬁ' d of
conpensating buffers for integrated 5 Circuits. 2. Related Art. As the
conpl exWVPyP2/@355per sonal conputers and ot her systens enpl eygrmsoiioRicegr at ed
circuits increases, the need for precise output drivers has beconme nore
critical. Oten an integrated circuit is required to drive signals with 10
frequenci es of 100MHz or higher over printed circuit board traces several
inches in length. Such traces behave as transm ssion |ines nmaking the data

transfer diffi ogitrpRhvess CompERSARNGDRIVE IBTRENGBHS conpensates for the

transm ssion |ine characteristics. Qther factors enter into the need for
conpenqat,;géjdlap{[.;‘eqhgem,ogor instance, tenperature and voltage vary during
circuit operation which changes 15 the charact eristics of the buffers.

Nunmer ous c Sof; S foRmtSdiawa in U S

patents 5, %gwgh{'@?%éﬁg%mgﬁg gQ g , 168, 1?0 ?dg co- pendi ng

app |c? L%F USSN: 09/ 299, 771; fi I‘ed 4126199, entitled ' Method and

Appar a %"for Dual Mde Qut put Buffer Inpedance Conpensation' . 20 (assigned

to the 3&5 n‘gg of the present application) a buffer is disclosed with
bi nary2 eﬁﬁ% orrpensatl ng driver legs which are selected during reset or

2" et er m s MsrFasRPIGHD PeFeve o BgeB e R RR AhPela, T hvent i on
but dsmltje%?art]ted circuits increases, the need for precise output drivers has become
more critical. Often an integrated circuit is required to drive signals with
10  frequencies of 100MHz or higher over printedcircﬁit board traces several inches
in length. Such traces behave as transmission fines making the data transfer
difficult unless the impedance of the buffers compensates for the transmission
line characteristics. Other factors enter into the need for compensated buffers,
for instance, temperature and voltage vary during circuit operation which changes
15  the characteristics .of the buffers.
Numerous compensating output buffers are known such as shown in uU.s.
patents 5,578,971; 5,528,166; 4,975,598 and 4,768,170.
In co-pending application USSN: 08/299,771; filed 4/26/99, entitled:
- “Method and Apparatus for Dual Mode Output Buffer impedance Compensation”
20 (assigned to the assignee of the present application) a buffer is disclosed with
5inary~weighted cornpensating driver legs which are selected during reset or

initialization. External pull-up and pull-down resistors are used to allow a

determination of which driver legs are needed. The present invention builds upon

the buffer described in the above application as will be seen.
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.the buffer described in the above application as will be seen. 25 1 WO
02/035:53 2 2 DEC 2[(~4 - PCT[USO /19326 BRI EF DESCRI PTI ON g]: 'BHE DRAW NGS
Figure 1 is an electrical schematic of the invented buffer d £Ccéﬂmrol

ci rcuiwouwzessst o control the operation of the buffer. R@uuspiAosx an

el ectrical schematic of a digital-to-analog converter (DAC) 5 used to
provi de biasing signals for control of the anchor |leg of the buffer of

Fi gure } i i g to illustrate the relative strength
bet we E{ be éﬁ-dﬁO% L iver legs and the strength provided by
the Iinear-weighted (LW bigsing: S| kQd Bl hc3Pcbsrad di agram used to
illustrate %\glfrggi GE vk M?ﬁ??@ﬂ%{@é%ﬁj‘hvgnd the additional strength

provi ded by the LW biasing sian j e 4 shows the. nmethod used in the
oper at?‘%'tﬁﬁe‘?ﬁ‘%c%f‘ﬁ*&e%‘%‘?‘ff&°ptPee§!é “invention. 2 22 DEC 2004 WD

02/ 03553 PCT/ US01/ 19326,  DETAI LED. 3. | NVENTI ON A
conpensat i erﬂl{fﬁfoiéra"feéﬁ'Ct%ng F?R%?Q&%E§C¥$‘El'to%%g g‘ilﬁusé’g ﬁ%@%&& In the

5 used o provide biasing signals for control of the anchor leg of the buffer of Figure

1.

Figure 3A is a diagram used fo illustrate the relative strength between the
binary-weighted (BW) driver legs and the strength provided by the linear-weighted
(LW) biasing signéi.
10 Figure 3B is a diagram used to illustrate a typical BW initial strength and

the additional strength provided by the LW biasing signal.

Figure 4 shows the method used in the operation of the buffer of the

present invention.



.follow ng description nunerous specific details are

specific nunbers of legs in the buffer, in order tosgﬁoff(rzlfa% 3“5@&&?311 h
under st andi ng_pf the 5 present invention. It will be apparent to one )

ski |l edWnoxdsgssart that the present invention nmay be pratiuscedsw t hout

these specific details. In other instances, well- known circuits such as
di gltal-to-anal og converters (DAC) are not set forth in detail in order

E?;uﬁg 'ééR e’ Ftrpi‘El ;ﬂpégggntr INVESTIdDEN. Referring first to
- udes a plurality of 10 binary-wei ghted
(BW out put drlver fi 1BESE ' d ;
_ b PRED thayer |
course tuni né‘ SRS dffe?g?rgaﬁarfégt rengtﬁgﬁmnglrsa-Pnst'a]ﬁgg&y theegzl Frﬁ\él ae

transi st o d
i “@rﬁﬁ%ﬁv@?@pg“@%&f@@%@ B aiPepApatheots oo, o enott
U).Inat |caI enbo - 9.,
st rengt H@%ﬁw&,\ﬂf lﬁg,snb ﬂplbgﬁgr’ i R@%bfﬁg rfaqj?% %Hl?fegﬁt‘ré@[x%ﬁ fggﬁig] O\r/m6| f'it ive
Figure 3A, transistor or 40 I‘OVI des, t N
first | ogesanhinesist ‘36’"'5?6 AT \t/"? ge sk Ilgeéhgsﬂ?ér éﬁ%%&e‘?ﬁmeaie??ei oo
strength may be provided by the selectiq |the thgnce "
transi stioestion mayderpaicedyithpheth F%%F%‘?Cgpcsfqﬁ@gd In R{ﬂeﬁkﬁ?ﬁrﬁéég“’%r
conbi nati on of transistor size and resistor | ues. own to use
these 2Gnows ictuitsssuch asakgital-tocanalog eayRHEIP; r‘&) a&%"%tfsef hcgﬂ—{;'ﬁf fer nore
linear. This has signal duality benefits particularly at high data rates
Al so as detsthin proer cotipoginesessarilyotbsceiedhe P@%F%‘"V%P”have | i near '
)?rgf/‘r 2gt eristics can, be used. Thus, each pull-up and &ul | -down transistor
pr oM Refeoriveg fnst tooigureriath Buffer degs raﬁmf@ urglity0f,
021 03555 PCTIUSQ] 16326 gS(ERENS 3 UFI2IDEC 2004 WO
10  binary-weighted (BW) output driver legs used for compensation. These driver
legs provide course tuning of the output signal strength. For instance, the puli-up
transistor 34 and the pull-down transistor 40 provide the greatest strength {e.g.,
8x) while transistors 36 and 38 provide the least strength (e.g., 1¥). In a typical
embodiment, four BW legs may be used with their relative strengths shown in
15  Figure 3A. Note that for the fourth leg shown in Figure 3A, transistor 34 or 40
provides the strength 73, whereas for the first leg transistor 36 or 38 provides the
strength 70. The difference in strength may be provided by the selection of either
) . the size of the transistors or-the values of the resistors used in these legs or a

combination of transistor size and resistor values. ltis known to use these

20 resistors to make the V-1 characteristics of the puffer more linear. This has signat

quality benefits particularly at high data rates. Also as known, a composite set of

transistors that have linear characteristics can be used, Thus, each puli-up and

pull-down transistor may compromise one or more transistors. (The composite



.set of transistors as well as use of the resistors nmay be used in the LW
voltage controlled | egs discussed below. ) As taught in thg ,ﬁﬁfﬁ/ﬁ-ﬁ@ti oned
pat ent application, a nunber of the BW |egs are sel ected Gpo
initialwpatomszof the integrated circuit to provide thepdessiedsz
strength- A control circuit 30, described in detail in the above-nentioned
application, uses two counters to provide binary signals indicating the

needed éig)lf#r-artjl |st§%gasg\§%|ﬁ)§§%€?§@gﬁgﬂ§th% mEf8e2iseaHM he(RENBYtags | ines 41,

consi st? our bits, selects the needed nunber of

pull -up trapsistors. Four bits on lines 42 provide the signal (NEN) used
to sel eﬁqm'ioﬂ%& E@é&'@&”ﬁ?ﬁ%‘:""i%sdovm transistors. Each line 41 is connected

to an OR gate, such as ates. 33 .an : bbesfhedw of the OR
gates recei \/@?Hehtmérﬁ%@(E*’E?‘&Wﬁdﬁ%@éwﬁ%@s“%?gﬁts of the OR gates are
coupled to the pull-up transistors;: specificall. 0f gate 33 is
connect legs et QW@%F@%F’“’PH@@Dﬁ%@%g{?%Hé;ﬁ (s“t"gtro éﬁﬁgﬁgﬁj‘% ﬂ%@:rleg out put of
the gate 35 is connected to the gate of .the p-chan . sistor 36. It
wills besieqmpﬂ'ecﬁ\&t)@iﬁ)itcﬁé*ﬂﬂv%iqeéc‘@@cb'ﬁtdé’ga“dP %éé%"?e‘@?h%‘srr(ﬁq%gi c may be used
to drive the pull-up transistors, Simlarly, e ch.ofththe ldi es 42 are
connect asplicaticn ugedwgataintass ko BPVIRRDInay ssalsindiatingyN e AFE088 her t er i nal s

of the AND gates receive the N driving 20 signal fromlipe 14 (NDRV). The
Haade

out put @fil-tendplll-gaire strengthe ofiee sigaals(BENRS OB lingh 4 hne" 'Stors in the

BW dfiver |legs; specifically, the output of AND gate 37, is connected to

t he gatghémbsd@RehsbiioudBitsandetisdhenepded ofmbereol/AUrUPYas#d0iSs.  connect ed

to the gate of transistor 40. Again it will be appreciated that other |ogic
ymay be pisigdits @nGihas AP iphsviduine-signat (MERNesest torasled the needed pull- |

10 down transistors.

Each line 41 is connected to an OR gate, such as OR gates 33 and 35. -
The other terminals of the OR gates receive the P driving signa! (PDRV). The
outputs of the OR gates are coupled to the pull-up transistors; specifically, the
output of gate 33 is connected to the gate of the p-channe! transistor 34 and the
15 output of the gate 35 is connected to the gate of the p-channel transistor 36. it

will be appréciéted that while OR gates are used, other logic may be used to diive
the pull-up transistors.

/ Similarly, each of the lines 42 are connected to an AND gate such as AND
gates 37 ard 39. The other terminals of the AND gaies receive the N driving

| 20 signal from line 14 (NDRV). The output of the AND gates are connected to the n-

channel transistors in the BW driver legs; specifically, the output of AND gate 37
is connected to the gate of transistor 38 and the output of the AND gate 39 is.

connected to the gate of transistor 40. Again it will be appreciated that other logic
may be used to claim the pull-down transistors.
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.2 2 DEC 2054 WO 02/03553 PCTNSO /19326 Upon initialization or reset of the
integrated circuit, control circuit 30 provides the binapy, Jipmaiig
representing the needed strength. These signals select the appropriate

out put wwioess3 Circuit 30 uses one or nore external restgbanssguUch as
resistor 31 and a reference potential, to evaluate the output 5 strength as
described in the above-nentioned application. The BWout put driver |egs

provide a r?J&%Eiiﬁﬁﬁl}ﬁfaﬁ&yﬁls%s&%itﬁ@H@égrét@@_&%iﬂ%ntr@ldfit%DQBb. Even the driver

with the | east signhiticant strengt provides a relatively large

adj ust S”ﬁﬁﬁ?%%”@%ﬁ%%’fﬁ%@ﬁ%'Sﬁf?ﬁft%ﬁgﬁ‘ﬂ‘gf%e hbsadwEd&igth Canseaupalsl y, resel ecting

BW I eg er can cause errors 1n signal
detection. , 10 Generall t erm nat j devi ces. do eTel en the input
si gnal Seledt ptr??ﬂﬂt%émpé'ﬁam{eﬁ%sb%h'Engo¥ U%%o?/vr%\/\%@ﬁgﬁt |¥5Yné\gfe to upgrade
t he strength. descrjb elow the pres ' ' vi des
fi ne-tdﬁ?'ﬁﬁrwﬁi‘t?%'&ﬁ'st%gﬂra” L?r'iex:éde ?ﬁ?@?ﬁéaigtérézﬂa }/L%n'Egl {h%hrbe Lﬁf fer of Figure
1 includes an anchor leg 15 to E}ro i de, a 3er§ai n level 15 of output signal
wherd notiepahassiascabed & 18 BOEENECNRARIE KL fine-tuning. This leg
provi des an out put si %nal to the pad 10 even when none @lf theutBWI egs are
sel ect ed andheif¥M outpsit duvesiiags prgVide giglatively goutseruning Rf e quilt | o
transi stor 18 and the pull-down transjstor 19 al vva&iwgrov' e Some out put
- signal strehgth. tventbé teverivithghe jrast sigaifean strefgifle PIAVIASSiEHIYY ecei ve the P
drive and N 20 drive signal through the inverters 16 and 17, respectively.
The andinge adpstriént intie otpwistrength ofdes buffer. Grisearertyareselectrd 21 and an
n-channel transistor 22_ These transistors receive biasing signals on
: ) | i nes BWaggh Alringrepepestioni of dheybuffdricah cause errors in signal detection.
10  Generally, termination devices do not know when the input signal is transitioning
and thus do not know when it is safe to upgrade the strength. As described
below, the present invention provides fine-tuning which can occur during buffer
operation. |
" The buffer of Figure 1 includes an anchor leg 15 to provide a certain level
15  of output signal when no compensation is used and to provide the fine-tuning.
This leg provides an output signal to the pad 10 even when none of the BW legs
are selected and when the LW biasing signals are “off.” Thus, the puil-up
) transistor 18 and the pull-down transistor 19 always provide some output signal
when the buffer is output enabled. These transistors receive the P drive and N
20  drive signal through the inverters 16 and 17, respectively. The anchor leg 15
additional includes a p-channel transistor 21 and an n-channel transistor 22.

These transistors receive biasing signals on lines 24 and 25, respectively, which

provide fine-tuning of the output signal. When the buffer is in the receiving mode



-provide fine-tuning of the output signal. Wien the buffer is in t he
recei ving node 5 22 DEC 2004 WD 02/ 03553 PCTI USQ / 193262( ' and
NDRV | ow) no drive exists fromthe anchor by 15 and the b ffer %ﬂgg a high
I nput Wfpedsntse. During operation of the buffer, first pthasappsapriate
nunber of BWIlegs are selected, any conbi nation of pull-up or pull-down
transistors may be selected. 5 Then, the strength of the output signal is

per i odjrab YidiPatid RDRSY (@) HEHEVIERQE frifn the anbR&dsy {Pamethaddifer onal Iy
or

conpensat ed. I nstance, every few mlliseconds after initialization,
t he CEﬁ#th lﬁﬁb't'if'n %Qa | ng the same nechani smused to provide the PENB
and NEN si g es simlar binary signals on lines 43 and 44. The

same pul |- urﬁuﬁ;”t%ﬁﬁ&tmﬁm“&tﬂé‘bb &Oﬁ\‘Et@@‘é@bF‘J ridfeslirhBerir BMA @ystdie signal s on

I4|4ne_s|_h10 i ount & tt} Wl e%gsgﬁag‘g ﬁwgge i EI gnalﬁ; glnl : zefﬁg and
abgv:a ﬁ?ﬁz@ o ﬁﬁﬁ%@é‘to % H ? %ne en%oé ﬂenf&ﬁjkj?%esse%g and 44 each
D! G B e g S Sl Y BRI Fohhird o SRt S
Iu ﬁq%%ﬁe%rfﬁmfo@a&mgéeenséﬁeaa&%f @“%qcéié\ge%'feﬁ P e of ¢ he
stors
L5 S B PSR 1 2
mul ¢ | pPEBrandINGN SioTal, ety e VSR HARRIE PRAGrSfgagd 44 dme” AN
same pull-up counter and puli-down counter used to provide the signals on lines
10 41 and 42 may again be used to provide the signals on lines-43 and 44. Thése
cpunters and their operation are described in detail in the above-mentioned
application. In one embodiment, lines 43 and 44 each provide four bits shown as
the SELN signals (lines 43) and the SELP signals (lines 44).
The SELN and SELP signals can each control separate transistors for the
15 fine-tuning. However, this wouid be a somewhat costly implementation since
separate drivers are needed for each of the transistors. Rather, in the
embodiment described in Figure 2, a pass gate digital-to-analog converter (DAC)
is used.
Referring now to Figure 2, each DAC is implermnented with a plurality of
20 resistors in leg 55 and a multiplexer. Leg 55 is coupled between the transistors
52 and 53 and includes a first plurality of series resistors coupled to the MUX 50
and a second plurality of series resistors coupled to MUX 51. There are 16

resistors in one embodiment coupled to the MUX 50 and 16 resistors coupled to

the MUX 51. The transistors 52 and 53 are enabled by the VBiasEn signal on line

6



.52 and 53 and includes a first plurality of series resistor?jm%§% }}o t he
MJUX 50 and a second plurality of series resistors coupled 0% Ther e
are 16 resistors in one enbodi ment coupled to the MJX 50 and 16 resistors
coupl edw®oz/iishes MUX 51. The transistors 52 and 53 are emrabhhiedubyp24 he

VBi asEn signal on line 6 2 2 DEC 2004 WO 02/03553 PCTIUSO 1/19326 60 which
Is coupled to transistor 53 and to transistor 52 through the inverter 61.

The si ggglwhm ik cBEpiBO o isthd 38/6nd fortendBtdr G2hierodgs Gupinedrtéream t he power
supply potential by turning-off pull-up transistor 56 and line 24 to be

rel easeghd LoAn &H méﬂ@q B¥o Lo R 25 o Ber%él&h @ kroRY thel geaeerisippigat e of

t ransi st or @7 Is coupled to 5 inverter . The top of the power supply

range. i Sl gggﬁﬁnw@oﬁmﬁp LB R6K 808d frif 208 etk Bdiortini f or m

i ndi vi du age produce approximte uniform steps in strength

of tr an&ri{)g}u? hz ttfrﬁingrbqf tfensBtor H7AHE the Rﬁéﬁf‘iﬁé@@%ﬁg?ﬁ% cHShedto VOl tage

cl osest power supply pote nore 1T nmunity to noi se

occurs .tha t her wi =1 i 8 10 The
bi e y PR o R L T SR S sl Bipd P MRS AR B Bbfom D 0 one
of thel_6 sistaorsg faor coupljng to li 5 . nsistors in
The v BB 36 ek ot PRl APl i itedi pled ¢ 960 BERILEMAAE S ° 16
steps beginning with the highest Boi ntiajl n termnal .F .and the | owest on
t er m naiteRs in sieRginefIAnSIStES g RNE 229 FE’&'{% '02‘8 Gyangds o 8i¥al s in leg 55
by coupling one of the 15 16 term nals,q(i_t rough Fto .{ine 24. Again this
% Gonarolnge agRe e diraiul Powes I Brie i AL YTE MO RaRe ¢ he st gnal <
on lines 24 and 25 .are in effect, "analog" in that each assunes one of 16
“yval ues oneersdhatpay pilfearies caustYaliedans in butier strength.

10 The binary signals on lines 43 cause the MUX 50 to select the potential on
one of the16 resistors for coupling to line 25 through passgate transistors in the
MUX 50. Consequently, the potential on line 25 takes on one of 16 steps
beginning with the highest potential on terminal F and the lowest on terminal 0.
Similarly, the MUX 51 selects ene of 16 potentials in leg 55 by coupling one of the

15 16 terminals O through F to line 24. Again this is done through passgate |
transistors in MUX 51. In this way, the signals on lines 24 and 25 are in effect
*analog” in that each assumes one of 16 values where the difference between:

) each step is equal. By way of example, each of the equal steps may be between
20 and 50 mV.

20 The function of resistors and DACs of Figure 2 can be realized in other
ways. For instance, two separate, overlapping resistor strings couid be used or a
single resistor string can be used with overlapping taps.

Referring again to Figure 1, the PBIAS potential on line 24 is coupled to

the p-channel transistor 21. This biasing potential determines the puli-up strength

7



.each step is equal. By way of exanple, each of the e

between 20 and 50 nV. 20 The function of resistors gﬁgl DS ep%’ﬁ@ﬁ@[ﬁfe 2
can be realized in other ways. For instance, two separate, overlapping
resi st ovo 814355ys coul d be used or a single resistor st:r(mt’;smamjoe used
with overlapping taps. Referring again to Figure 1, the PBIAS potential on
line 24 is coupled to the p-channel transistor 21. This biasing potential

det er m ngs 1 hgoAUL hsUBad 8HHH the PEIAR SRiFEI BRAIEYA @208 5Nall
in the r'an%haor ?egblgf aI]Eaci gt epei n the PBI %\S sei gnal prgvi daesl:.c-la-I rugloii |18§IZS

smal | ¢ haréQlﬁ P'”P%“g ‘égg\bﬁtla Weﬂ%ﬁg)a%‘t?ﬁ SRANRE RGst Sgeifieantidithd BASt

signifF'&?ﬂ‘ﬂ rivers as will be described in nore detail bel ow.

Simlarly the sjignal I ‘ I aSi P i
et er nhierS B aith B8 Bes Gbep il of otol BEIGME SIRIBNINE gt on o o hose. ot aps

provides relatively, s | si I

when m@aalée&f pepi T prdl B0 PRl egaR o e A1ROHE B PR and
SELF gnals fromthe control cireuit ' ' :

"t Bt HBGSRIET ZeuFRch BLIESuFERE s Y SR SRR SOl engt ns. These
10 signal s adjust the bi ng on transi.stor %ﬁes@%ﬁd 1 ectivel -
throughhﬁms-ﬂbﬂl%O‘é‘P“Wifﬁfdewg?n FAMPRTEY '\%gr)‘/e g'ﬁ'e 51 gng‘% s"t“irigl?]gth on pga 10 is

finely tuned during operation of the inte [ [ [
! 1 _ grated circuit. Ref
Fi gur ed@wn drivessr el ative strengths provided by the binary- wei SL{ Iegg(}B\?v

drtver | egsTt?engEirb]leanldi Snfg?lg sr\éﬁg srzlrto%jthgal'égntrgi g}scluﬂq Oscil.%ﬂ%lo%e?z(t%n of
the integrated circuit, periodically presciibes updated output strengths. These

10 signals adjust the biasing on transistors 22 and 21, respectively, tﬁrough the
DACs of ?igure 2. In this way the signal strength on pad 10 is finely tuned during
operation of the integrated circuit.

Referring to Figure 3A, the relative strengths provided by the binary-
weighted (BW) driver legs and the linear-weighted (LW) biasing signals are

15 shown. On the ieft of Figure 3A, four strengths are shown, each provided by a
different BW leg. Figures 3A and 3B represent either the pull-up or pull-down
strengths. 1t should be noted that a different combination of pull-up and puli-down
transistors may be selected by the PENB and NEN signals. Similarly, a different
step may be selected by each of the VSELN and SELP signals.

20_ The BW strength provided by the least signiﬁc_ant of the BW legs is shown
as strength 70 in Figure 3A. As mentioned, this may be provided by either the
transistors 36 or 38. The next most signiﬁcént strength is shown as strength 71
and the third most significant strength as strength 72. The most significant of the

strengths is shown by strength 73 and may be provided, for instance, by either

8



.15 shown. On the left of Figure 3A, four strengths are@goﬂyﬁf each provided
by a different BWIleg. Figures 3A and 3B represent ei r @e{?ﬁfﬂél | -up or
pul |l -down strengths. It should be noted that a different conbination of
pul | - upWwah@/03831 - down transi stors nmay be sel ected by tireTREMNBI%GNTD NEN
signals. Simlarly, a different step may be sel ected by each of the SELN
and SELP signals. 20 The BWstrength provided by the |east significant of

the BWﬁ%QsszﬁBéﬁBPM TRSreSré 89 6tdbs 76r the fife-gunimg. SPaushdomtbist i oned, this may
be provided by either the transistors 36 or 38. The next nobst significant

strengt &nbﬁd@%%’?héév\@%ﬁ&@ﬁ Par}élla is @1‘17!-1? ABetdhraamdk is sicgnsthintcandt st rengt h

as streng he nost significant of the strengths is shown by strength

73 and i isf MordiRL@RACE. 1RYeféal) #thSre\WPe 233D PCT/
(R0l BB S BhaY rdfide ' Boro AR RN 1RgoRir: St eps B P et uni ng.

Thus, f this _ | ; it 5"(tRe kwl) where n=4 and
k is a @@HQP%‘?’!@@%Qg%t!;gggﬁl\ifé%&%é%%ﬁ gﬂgie@\il\g@gggrl%fg gﬁ?el y) 4k. I n general,

if there ar ) bits. b, the LWrange, and the ratio of a least significant
bi t “of %Wg‘ @P?ss (irﬁﬂlnfﬂ‘e LW5 strength range is (2Ak/n-1). In operation

upon initializatign or reset. a c | nat i : selected to
provi de t he 'y8BETRYAN é’PP'émjtf%.zaWeggg%%h%fL' ﬁrﬂ%@%}né@ﬁ%@ﬁ%\ggé%ﬁg‘% equal s or
Fi gur e seberedsseaon un IeH e AR (7 TRk SR L e B Rt ea B! C0CTs ot
closely 10 provide the initial qutput str th 75, e or the

exanpl eordallstigsast tapt legs thap ﬁ%é?ﬁ%c?‘ﬂ?@?@q%f%&? séeé?é(;tl%@'em P@H%ef BW I egs woul d
provide nore than the required i niwsauensg%hrsefglggn% 'Zi?'mo-g?icr%sje@ undesi rabl e

~ ysince t IR rassmedpon mtializetan that the B

10  provide the initial output strength 75. Not‘e. that for the example of Figure 3B, if
strength 70 were also selected, the BW legs would provide more than the
required initial strength 75. This is undesirable since then there is no room for
fine-tuning. On initialization, the difference in strength provided by the BW legs
and what is actually required is made up by the LW biasing.

15 In one embodiment, on initialization the LW biasing is limited to selections
ranging from steps 4 to 7. That is, initially the control circuit 10 may only vary the
two least significant bits of the SELN and the SELP signals. In Figure 38 the fine-

tuning selects four LW steps to make up the difference between strengths 71 and
73, thereby achieving the desired initial strength 75.

20 During operation the control circuit 30 periodically adjusts the SELN and ‘_
the SELP signals. During each of the periodic adjustments the control circuit
allc;ws at most, only a one step change in either or both the SELN and SELP
signals. These relatively small changes in strength prevent misdetections of

signals and allow the strength to be changed at any time. Even these small
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fine-tuning. On initialization, the difference in strength provided by the
BWIlegs and what is actually required is nmade up by the bW IinEsiz@e 15 In
one enbodi nent, on initialization the LWhbiasing is limted to sel ections
rangi ngofoeormssteps 4 to 7. That is, initially the contp@truSiti@sist 10 may
only vary the two |least significant bits of the SELN and the SELP signals.
In Figure 3B the fine- tuning selects four LWsteps to nmake up the

di fferc?;gfsigesb@g @g@%g%@%&m% prevaiGiep/ shanbBE! Bl caRititers aiglindse desired

initia reng ring operation the control circuit 30

peri 0%j,cald e Akl bRSiEShaboile SREPREgabE belieiing each of the

peri odic adj nt's control circuit allows at nost, only a one step
change_in, either or he SELN and SELF signals. These relatively small
chang&@9oH g?&ﬁﬁé’?ﬁ? %‘%t"@g%t ni sdetections of signals and allow the

t thtqQ b h t i . . . 004 WD

SLySnILh ¢ Be e AR R) il B RREhRRS PR sl BREREO04 VO

h . Th it L : ' i, d h

oot Figed By o L 1 RS et e T Y Fer B % Rrges. s
b f Fi 3B, duri ti the initi. t th be 5

[ over eatayimels QAR copete e nRe oL SR et .S 15 P st aps i

one enbodinent. One may chgose to only the | east signi filcant bi t

dur i n@mahﬁafmfa?ﬁ‘dzﬁtuisé\avﬁﬁd”‘fjﬁtﬁ%”g%‘?fi?/g SWPBQUF'%S%EFBEC’%\A@P%&Vduri ng

operation. Cenerally during operation the ten‘ger ture i ncreases and the
power detngbperation thectemmeratEciacieages anthije PRWET BHRIMYVOIEr engt h,

consequently nore roomis provided for

decreases requiring additional strength, consequently more room is provided for
10 increasing the strength than decreasing it. Also, it should be noted from Figure
3A that the 16 steps provide approximately the range associated with the two
least significant BW bits. This allows adequate range for the LW signais both for
initialization and during operation.
In Figure 4, the steps used for controlling the buffer is llustrated. On
15 initialization as shown by step 80, BW legs are selected and some limited range
(e.g., 4 to 7) of the LW biasing signal is used. During operatioﬁ, only the LW
signal is changed and then such changes occur only one step per period as
shown by step 81.
The invented buffer is particularly useful for point-to-point transfers for
20 graphics cards, YO devices, and may be used in other circuits such as
processors. The invented buffer allows the buffer strength to be updated while
the buffer is in use as either a driver or a ferminator. The LW steps, since they

are refatively small, guarantee that the strength cannot change dramatically and

10



.10 increasing the strength than decreasing it. Also, it SE?‘I’%}%?JHF ed
fromFigure 3A that the 16 steps provide approximately t r

associated with the two |east significant BWbits. This all ows adequate
range f W0 @W8533W si gnals both for initialization and dwdrigoopseati on. In
Figure 4, the steps used for controlling the buffer is illustrated. On 15
initialization as shown by step 80, BWIlegs are selected and sone limted
range (eusg sigdaitmisdeteciorsh&hidlighi wsiaf¢hesDgQalthe sireisiad relBlivelng oper at i on,
only the LW signal is changed and then such changes occur only one step
per per spghi@whestompad stiepledlentihleransigiond tcbrbuitik dineitsnipgrti cul arly usef ul
for point-to-point transfers for 20 graphics cards, I/0O devices, and may
be used in other circuits such as processors. The invented buffer all ows
the buffer strength to be updated while the buffer is in use as either a
driver or a termnator. The LWsteps, since they are relatively small,
guarantee that the strength cannot change dramatically and 10 2 2 DEC 2004
WO 02/ 03553 PCTfUSOL/ 19326 cause signal m sdetections. Through use of the
DACs the circuit is relatively sinple when conpared to inplenenting
transistors to provide fine-tuning. 11 2 2 DEC 2004 What is clained is: 1.
A buffer for an integrated circuit conprising: a first plurality of

sel ect abl e devices to provide an output signal, wherein the output signal
has a first '

11



strength range determ ned by the sel ectabl e devices that are selected a
driver circuit conprising a transistor coupled to the f|r§9 ng |ty of
sel ect abl e devices to provide adjustable strength to the 0 t £¥itgnal
over a second strength range, wherein the second range is |less than the
first range, wherein the transistor is biased by a signal having one of at
| east three values; and a control circuit coupled to the first plurality
of sg%egtqble deV|ces and the driver circuit, wherein the control circuit
sel elfMet’ RAMERfSact abl e devices upon initialization of the integrated

circyify, f%p@FQLHm% ﬁRﬂE&R#S%IrCUIt periodically nmonitors the output

si gnal strengt jUStS edriver circuit if the out put signal needs
t o bergopnenpateletade ddit@s RIbde SefutpiedsRy wabinmeloutfiesigianhdsheirsiel ect abl e
devi e@mgigngbide@fryinstEdyghy &dbctaBle dbieeshindt bersededned by claim 2 wherein the
sel ected device conprises transistors and resistors. 4. The buffer defined
by chdiiver Grcwhemgirining h gacsiatdr codplesite theifitst pneity desleclable adyicesttoremyidd or t he

dri vediustablerstrianath ipythereusmut digna oxgr alseeont stenothgpngsi wereln ieaecond ranphds buf f er

def i We%ilhe%ﬁaer 5} ivnoe. Whereithe aneistepih Piesad RyiaYdnptnaypg oni St ed titeasi ng

si gn¥I'¥€s e for at |east one p-channel transistor and the other for at

| ﬁaSt Ort]r%l rl]rCUIt cou;r)]e tottheansﬁ ﬁjracll{ fselecg?a?e G%U cés iﬂdqﬁ a@ﬁgdcwg &/I’u& rle wher ei n
the 8(91 rtl R wtCSkIre&g't s 8¥bl td%sihl LEQ Herbil the driver
Ci T C Hlrkro/CREM HeAddRBIm A.eemeswm iqPP ik sﬁah@aaj R B

n- Chg@ﬂ@haﬁgﬁﬂﬁkﬁﬁ@émﬁ@ a secon% signal applied to the gate of at |east
one p-channel transistor. 7. The buffer defined by claim1l wherein the

control circuit includes a digital-to-anal og converter, an output of which
pr ov2.dés beffep defined gy gaigniavhefen thadpledabindevicheadbingerwaidhtesiui t . 8. The buf fer
defined by claim7 wherein the biasing signal is fiItered to snoot h t he

bi asin i The buffer defin

di gi £l ebegeéH%ﬂ"S@) S AR ﬁ‘é'?i}e“g‘ijedfv?ﬁlcm{‘?f'sce,%mﬁ&éﬁ d r?sésﬁor%per ating
changes in output signal. 10. The buffer defined by claim1l wherein a

maxi bl ekl 6PALIR 7 ARASN Ine cemm.rcapprgade%% Jajdsfnqam Ahgle awapr ei n the

secog ulf BNI8Vidicy R %é8H onk Biadhg kgt approximately 4°k, where k is a constant
and n is the

5. The buffer defined by claim 4 wherein the control circuit provides two biasing signals, one for at
least one p-channel transistor and the other for at least one n-channel transistor.

6. The buffer defined by claim 1 wherein the control circuit provides a biasing signal for adjusting the
driver circuit comprising a first signal applied to the gate of at least one n-channel transistor and a
second signal applied to the gate of at least one p-channel transistor.

7. The buffer defined by claim 1 wherein the control circuit includes a digital-to-analog converter, an
output of which provides a biasing signal for adjusting the driver circuit.

8. The buffer defined by claim 7 wherein the biasing signal is filtered to smooth the biasing signal.

9. The buffer defined by claim 8 wherein the digital-to-analog receives a binary signal to compensate
for aperating changes in output signal.

10. The buffer defined by claim 1 wherein a maximum first strength range is equal to (2.sup.n k-1} and
wherein the second range is equal to at least approximately 4 k, where k is a constant and n is the
number of selectable pull-down devices in the first plurality of selectable devices.

11. The buffer defined by claim 1 wherein the control circuit upon initialization permits a
predetermined portion of the second range provided by the driver circuit to be selected.
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nunber of selectable pull-down devices in the first plurality of selectable
devices. 11. The buffer defined by claiml1l wherein the control circuit upon
initialization permts a predeterm ned portion of the SerqyE( ragobe

provi ded by the driver circuit to be selected. 12 2 2 DEC 2004 12. The
buffer defined by claim11l wherein the second range conprises a plurality
of steps and wherein the control circuit limts the nunber of the steps

t hat _Iy be changed at any one tine durlng operatlon of t he |ntegrated

ci rcdft hePBﬁef?ﬁfé‘eBBYF‘é' é’f eF?étfh cengia ‘?LCZ”%HSE RHrgiibeo SIees A r ange
corrplwhgr@?t %{c E"HS ﬁW“tEﬁEQ t EpPS Ry &e HRINeG t&”ho??gﬂe%”"%ny one
tirreoﬁ‘ﬂ?tfﬂé) FE"E the integrated circuit. 14. A buffer for an

i nt egrated CIrCUIt conpr|5|ng a plurality of driver devices sone of which

are 5§l18ehEfbr4PRd b bikinlolwiRkeiiRe eécoﬁaﬁ.%ngéuo%f@sa@s elpt G brily GheCbiidpver
Ci I ClhdngPbONG ShrMBtedattnk Yhd ¥ SHGIAGbpdration BEhé MElighadd gtcdif. Ne- t uni ng an out put
strength of the buffer during operation in increnments substantially

smal l er than increnments provided by the driver device; and a control

ci r cuftA buffecfonanintegratef oincuihvcerhprising: dri ver devices and the driver circuit,

wherein the control circuit nonitors the output strength of the buffer and

cont PEUEItYIRE T JRYiceE PaRARThICH arleé§'66tﬁ% ép‘t"d“”(‘ﬂ'iéﬁﬁ'ﬁ'égf the i e@[ﬂeﬁlﬂmﬁtt rength. 15.
The b ffer in i first r e [en h provided

SR e TR e

B e drrver eV| ces a|m15 wherein

the range of the increnents that are sel ectable on initi aI ization are

| i M &eéhtrolldfrcuitin BBhMGHcOR wiRé Bidlel ddVitetahithé Bilivet Gircaif) wihBleRGhedontlolCi I cui t

C ONPEircwit AGhitcscthe Bilithut Gtréngthpad thed@tfércas cortroptiaadrider circyirie dep@satardengeat put

st r eimgtutputigpength.ni ti al i zati on; and fine-tuning the output strength using a

gener ated anal og signal during operation of the buffer with

15. The buffer defined by claim 14 wherein a first range of strength provided by the driver circuitis
substantially less than a second strength range provided by the driver devices.

16. The buffer defined by claim 15 wherein the range of the increments that are selectable on
initialization are limited.

17. A method for controlling a buffer in an integrated circuit comprising:

selecting output devices to provide a predetermined output strength upon initialization; and
fine-tuning the output strength using a generated analog signal during operation of the buffer with

changes to the output strength limited to relatively small changes when compared to strength
increments provided by the output devices.

18. The method defined by claim 17 wherein a limited amount of the fine-tuning occurs upon
initialization.

18. The method defined by claim 18 wherein the fine-tuning occurs periodically during the operation of
the buffer.

20. The method defined by claim 17 wherein the selecting of output devices comprises the selecting
of binary-weighted cutput devices.

21. The method defined by claim 20 wherein the fine-tuning comprises the selection of linear steps.
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changes to the output strength limted to relatively small changes when
conpared to strength increnents provided by the output devices. 18. The
nmet hod defined by claim 17 wherein a limted anount of t mqgmgl ng
occurs upon initialization. 19. The nethod defined by cl« 2rein the
fine-tuning occurs periodically during the operation of the buffer. 20.
The met hod defined by claim17 wherei n the sel ecting of output devices
conprises the selectin of bi nar ht ed  oqut put deV| ces. 21. The nethod
def i Kéd* B§ihed %flCPﬁ‘t@@'”Q\W PRIPHE SrRREY PhRe f\’/f rﬁoﬁ‘@"‘% g P8Rt he sel ection of

| i near A nmet hod of controlling the out put

04,22
streﬁé’ mggcourﬁ %“ O(E:)!(]):ﬁ%&n Ls”is}{an ?1e steps of: providing a course tuning

for E)Q?dﬂbna RefioaR e ﬂgﬁnp for RO kRt Q%n@thﬂﬂ{e\'éﬁd’!hﬁ fifd-RANG WbRebIEPEy ddhe out put
st re@wh{b AAHRRhA: & ine-tuning is controlled by an anal og bi asing

si gnal ; and Fimting the fine-tuning that is selectable on initialization
to | erﬁﬂngihannef tuhihg thatg eelaftabien® ifiitiatieation tr lags.thahJull rahge oftitefoe-twiingcl ai m 22
wherein anal og signal is gene rated by a digital-to-analog converter. 24.
The met hod of claim 22, further conprisi ng the step of nmonitoring the

out p@@ Toe ﬁ'@ﬁ'@@ gf c&qrmgﬁyhg@mfa@plog g_lgnal Is gene rafed by a digital- to-analog converter.

24. The method of claim 22, further comprising the step of monitoring the output strength of the buffer.
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