WD 2003/034253 1 1 APR 2006 REDUCI NG OQUTPUT CAPACI TANCE OF DI G'TAL- TO TI ME
DOVAI N (I)\'éﬁ FOR.VERY H GH FREQUENCY DI G TAL WAVEFORM SYNJH -
BACKGROUND Fi 5}5@5{)‘}5%& I nvention [001] This invention rel ateN?- §§Bséﬂg§al
waveform synthesis. In particular, the invention relates to

di-gital -to-time-domain_ conversion. Descrl pt | on of Rel ated Art 10 002]
There are many f XBDJGING OIFFHNGCAF ANEH bife:! Q) TAMEGD M A '
- circuits. These i.ncl i 20t al i i pply

vol tage and tenp ST 0 6}- = vgfﬁﬁ;&g @l ces
- inmplementing-the digital circuits. AMASTHESR factors parasitic
_capacitance is a significant factor th'al—nHy—r-educe the switching

frequency. 15 [003] In many applications, it is useful to synthesize

di gital waveforms according to sone predefi ned pattern. It is desirable to
be abl e to3ynthesize the digital waBHCKGROENIf requenci es as high as
-possi ble. The digital-to-tinme-domain converter (DTC) is a basic building

bl ock used in digi taI wavef orm synthesis (DWS). The DTC performance is
l'imted by the Iar aé % ca amtancethat is inherently present on
its output node. hi a%{a? 490 paci tance places a limt on the.

hi ghest frequency. that can be synt hesi zed usingDWS. [0041 Therefore, there
~is a need tov\g@oag This FivehtdnGBihted BT aﬂ#@vemmrsg:msﬁs tl%rﬁé{ﬁé?%e ifv@RRM tance .
in the DTC 03/ 034253 BRI EF DESCRI PTI ON THE W NGS 11 APR . 2006
o relates to digital-to-time-domain conversion.

)y © 2. Description of Related Art

10 [002] There are many factors affecﬁng the operating frequency of digital circuits. The‘se_,
factors include environmental conditions (e.g., supply voltage and temperature) and
- elecirical characteristics of the dévices implementing the digital circuits. Among these

factors, parasitic capacitance is a significant factor that may reduce the switching

. freq'uency. '

15 _[GOSj In many applications, _i.t'_is useful to synthesize digital waveforms according té
some predefined pattern. It is desirable to be able to synthesiie the digital waveforms at
| frequencies as high és p'os.'siblei The digital-to-time-domain converter (DTC) is a basic
a \) . ' ' Building block used in digital waveform synthcéié (DWS). The DTC performance is |
- limited by the large paraéitic capééitén_ce fhat is inherently present on ifs output node.
20 Th.is parasitic capacitance places a limit on the highest frequcncy.that can be synthesized .

using DWS.

{004) Therefore, there is a need to have an efficient technique to reduce the output

- capacitance in the DTC.




1005] The features and advantages of the present invention wl I."becorrél :

appar ent frqggzh'gﬁﬁ{ﬁgl | owi ng detail ed description of the present invention -
in which: [006] g 21 is a di agramillustrating a system if;"“ﬂ?ﬂhzme
enbodi ment of the 5 invention can be practiced. [0071 Figure is atimng
diagramillustrating waveforns of the signals showm in Figure | according -
to one enbodi nent of the invention, %008 Figure 3 is.a timng diagram
illustrating waveformns of -the%ﬁ@ﬁ CH%&@%IQ%%DMWH%W 1.according

to one enbodi ment of the invention. 10 [009] Figure 4 is a diagram

illustrating h Ot ad-t ot ' | ' j ' ' :
according to g‘r]]g] e%?g?%ﬁ%ﬁdﬁvgﬁ%@% ﬁf\}gﬁé}g%%{lﬁfegg%‘}wﬁeg?ﬁ%@ 'e?tsﬂnén di agram
illustrating ane folsiMali@iiied bdcptidn Athelpi@eldiveidniowhichhe anplifier .
circuit used in one enbodinent of the invention. [00111 Figure 5B is a
diagramillustrating an equivalent circuit at the DTC with the 15 - _
anplifier cirdfol Eewerlds mgdiagramdliusiratingadiystemtin which pre dnrbedimeinber thOESCRI PTI ON
[0012] The_present invention |s a technique to reduce the output

capaci t ancg atMEMEPnSaR s prpct t o-ti me-domain converter (DTC) used in

di gital waveform synthesis (DWB). The present invention includes use of an
anplifier cirgiy 3¢ J : ] : i i hreuit i nel udes
an anplifier Eﬂé"\?f nlg.k‘."gag%ﬁ‘lﬁ’@%g'agiﬁ‘ggﬁ‘gg’l% ‘r,'ve‘tsél?osntﬁ]l g? {.rﬂ]%'hlgﬁ%% hﬁg“%" n%:l;ll aci tance

i's reduced by !agcoflifpb bn@pbddihdrBbehy irveih. to the gain of the anplifier.
The anplifier WO 2003/034253 1 1 APR 2006 can be i npl enented by an inverter
and the feedback resistor can be inpl enented b%/_ a transm ssion gate circuit
havi ng an n- d®¥8k &Figmel3 i gtimiag fiegramdHpsratingdvaveformeofithe pattgrmanpytothesnin n ¢ he
f-f';DI oW ng deslg_r_ilpti on, for purposes of explanation, nunerous details are
set forth in ‘5’1‘8&@“?0651‘{3%?9\}1“8@%30 "HS‘Ft(S?ﬁg‘ﬁ st andi ng of the present

i nvention. However, it. will be apparent to one skilled in the art that

these spegj fi ﬁ)ﬂﬂetﬁél}regti RL&m ISR digﬂal%gﬁ{e' domain converter shown in

Figure 1 according to one embodiment of the invention.

[0010] Figure 5A is a diagram illustrating an equivalent circuit at the DTC without the

amplifier circuit used in one embodiment of the invention.

[0011] Figure 5B is a diagram illustrating an equivalent circuit at the DTC with the

15 amplifier circuit according to one embodiment of the invention,

) | DESCRIPTION

[0012] The present invention is a technique to reduce the output capacifance at thé digital-

' 20' to-time-domain coriverter (DTC) used in digital waveform synthesis (DWS). The present
invention includes use of an ampliﬁer circuit at the output of the DTC. The ﬁmpliﬁer
circuit includes an amplifier having a gain and a feedback resistor. The output capacitance

is reduced by an amount'approximateiy equal to the gain of the amplifier. The ar_npliﬁer

2




1o -practice thepresent invention. In other instances, well-known el ectrical
structures agg whiGydLs are shown in block diagramformin orgder t
obscure the pr-es’erj;('%wl’a%nvention. [00141 Figure | is a diagram ifl?ué?ﬁagqtnﬁg a
system 100 in which one enbodi nent of the: invention can be practiced. The"
~system 100 includes a synchronous delay line (SDL) 110, 10 a -

i gi tal - € 0- Ul MearCRAmApBmERAMS vtk tHA0edbARGesRict B B hoflichicdByla 130
~[00151 The .SDL 110 receives a clock signal and generates tap signal's, or:

- tim ng pul ses, trasmisgige paelciadit hiVind\in wteddeand a pribeteconigtddin tHeeC kg K
period. .I't should be noted.that the use of the SDL 110 is nerely one
net hod to generate the tap signals to neet the tinming requirements for the
DWS. Any ot her [08E3IHB heddpilaving doseriptian. prpurppsestod prplangiingl, BurseiAusietails agsedd .

- Exanpl es of thgse.nethaods inclyde del ayed-lock.l oop (DLL) and_phase-| ocked
Foop” (PLL) rolT o E Paids s BorougRup e R S PRsd e imiine Hoperirat
pattern inpyt §8ib & 1ML : |t :

i nterval.. The: pat teé%ﬁ%fr ﬂgf{ a&gﬁiﬁpe&%g% pr ot@iﬁg%fég{p%&elﬂgﬁ%ﬂs af)aet{cﬁ%#}%)ﬂtoﬁ%r DTC.
120.- "The pat t eopradtidehéiptedentiptintion: | TH Q@ier Rstied, Well-khndh Sledifical 3ucne@lt €T N
shifter 134, and-a pattern data generator 136. 20 [0016] The pattern data

generat or 136 cjwenitrant shown gvbldckiiidgrayafarmrin oxlett ot fombs@yenthb pbent inventach cl ock

cycle. The pattern shifter 134 introduces a phase.shift into the _
“synthesized wave by shifting the pattern data by a nunber of bits that is
proportional - t#%dhEiguredune diggrampitusiatingy ystem 1A inwdeh eneicotbodimenhef the

~ introduced phase shift.is Tp/N._A |left ift .corresponds. to, a negative
.ph?se shift al®® t’?"icé'ﬂpegrﬁ‘?tgfy H}-ers&tﬁﬂﬂﬁgl lydes as3eqhiqnops ‘fﬂlla&’slé’esfﬁlpg)cl.ml_et- K
be

758 Brounc Cor Sl in il 15 o8 g B DRSS PR " e

2006 (1)

[0015] The SDL 110 receives a clock signal and generates N tap signals, or timing pulses, -
staggered at Tp/ N intervals, where. Tp is'.thé clock period. It should be noted that the use
of the SDL 110 is merely one method to generate the tap signals td meet the tirﬁing

. requirements for the DWS. Any other method that provides similar tap signals can be

15  used. Examples of these methods include delayed-lock loop (DLL} and phase—loéked loop -

(PLL) methods. The DTC.‘I?-,O combines the SbL tap signals with a pattern input fo

. 'synthesize an output wavefofm one bit every Te/N intervé]. The pattern data unit 130

provides the input pattern to the DTC 120. The pattern data unit 130 includes a patiern -

) a register 132, a pattern shifter 134, and a pattern déta generator 136,

20 - [0016] The patte_m data generator 1'36 generates néw N-bit pattern data for synthesis in
~each clock cycle. The pattern shifter 134 introduces a phase shift into the synthesized
wave by shifting the pattern data Vb'y a number of bits that is proportional to the amount of
phase shift. The resolution-of the introdﬁced phase shift is Tp/N. A left shirﬂ corresponds.
to a negative phase'éhiﬂ and a right shift corresponds to a positive phase shift. Let K be
25 the number of bits to be shifted. Let. o be the ambunt of phase shift. The amount of phﬁse

shift is, then, given by:




T0017] The pattern register 132 stores the shifted pattern date’ fromthe
patt ern shi fwerodsadss; The pattern register 132 updates the patlér dPRagif -
presented to the DIC 120 with proper set-up and hold tines for sanpling by
sthe tap signals fromthe SDL 110. The pattern to be 5 synthesized, in. :
general , changes in each clock, either by being replaced by a new pattern
data fromthe pattern d&tzalig'é@ér ator 136, or by being shifted by (Eﬂe :
pattern shifter 134, or by bgth. Wen the pattern changes, it is‘invalid
during the first portion of the reference clock period and. may he sanpl ed
incorrectly by the tap signals fromthe SDL 110. To overcone this
difficulty, al@7hyhapaiemgegigenisadiorsy theishifiodpatisrmdatacipping therpatt@n shifierild4del ay
10 schene is ijihll us‘%?rat ed in_Fi ﬁure 3 and will be described |ater. [0013]
Figure 2 is a tfAFITG GRS Sn iPreEdhs satemdatiaseairhie tiy DTRd 28 PR BI®eIs hown i n
Figure | accqQpdi I f_the inventi e~signal s include
the refer enceg%tﬁlgcr}igd B@ld gﬁgf %g%%%{ﬁﬁg& %hgﬁap sSiI%' ﬁ%{%@ﬂ%&?@; l\ﬁ?‘j Tﬁerlg“ e'fnﬁ%b%DL
110, the sgnchymmdszed i@ nbal, ShdnB@uh cacklcldRk Midhdr b Hek H}Bﬁm@@%}@ﬁéﬁr AginSt er
132, the shifted pattern data fromthe pattern shifter 15 SPD[0:N-1] 134,
and the ori gi datk fipmtthepancaatn geffrfioMN:38] orfby beink HEftebbyt e patthait ehifge N84, af or

136. [0019] In this illustrative exanple, the nunber of bits N for the
pattern data P¥beh. Yihep the pajican ehapgpsyietspoald deyingdbe Sispation dfitearefetenceSDL 110,

TAP[Q to TAP[Z],. It is noted that the t signals are divided into three
groups. The flglpélipeﬁ'?%ﬁrﬁi;m@'rllﬁfﬁm %15 WCW@E}VEQQ“ .‘%F%@?b@ﬁép 130+ | first
N4 tap si gna}rcol : #AP i r.o ro in.. Figure 3,
c_(ié)responqs to {gﬁgm?rllnfj éukf‘za]qe}aagquéglﬁaﬁgs,%lgx@??%ﬂséﬁlah@liﬁlﬁd group,
group C i Hcltheis BlusGREd BRIV addOvilie dbRfbedardr.t 2ap signals, i.e.,
TAP[6:7]. The tap signals inthe first and the third groups are
de-asserted in the mddle of the clock period. The tap signals in the

m ddl e group 808 dFeguss srttimdngdiagrive iditstratingofavefosmodfaleksigais shown ByFigure

de-asserting the tap 25 sign . ] [ s
of the cl ock pArrERs taeyientodimeni i the igreniipmebiesignalp includn thevielgrenegsclagk] | - be

Show 12t e 3. 5 Q9AE b 16 IR0 VR R0 I 55
‘ _ PI[0:N-1] from the pattern register 132, the shified pattern data from the pattern _Shiﬁer
15 SPD[0:N-1] 134, and the original pattefn data PD{(0:N-1] from the pattern data generator -
136, | |

[0019] In this illustrative example, the number of bits N for tﬁe pattern data ié 3. Theré
) are 8 corresponding tap signals from the SDL 110, TAP[0] to TAP[7]. It is noted that the
) . tap signals are divided into three groups. The first group, group A in Figure 3,
o 20  corresponds to the first N/4 tap signals, ie., TAP[O:]].' The second g“roup, -grbup Bin
Figure 3, corresi:onds to the middle N/?. tap signals, .i.c., TAP[2:5]. The third gimip, group
C in Figure 3, corresponds to the Iést N/4 tap signals, i.e., TAP[6:7]. The tap si'gnélé in the
first and the third groups are de-asserted in the middle of the clock period. The'tap signals
) in the middle group are de-asserted at the start of the clock period. By de-asserting the tap
25  signals of the first and third group in the middle of the clock period, solid low and high

times can be achieved, as w_i]] be shown later. It should be noted that the boundaries :

4

nal's of the first and third group in the mddie




"1 1 APR 2006 between t he three groups are a desi.gn choice. In other

enbodi ment's E,;a?ﬁtk groups and the groupi ngs nay be Chﬂiﬂg%?fi A806
seen in Fi gure e tap signals TAP[0:7] are asserted synchronously w-th

.the corresponding pattern input PI[0:7] so that reliable data clocking can

- be achi eved. L 02@]& The pattern data PD[O 7] .changes every clock. In the
“exanpl e il l usPHe rePng‘ﬂ#PéaTCE degigiee B‘&?tlérOFpeéﬁ'P ‘tdélﬁe%ihq“h‘ﬂb%rdlfces a

© 3-bit left sh G ondi n 1) shi f.t .of 5. The

Vagister ia Henf R IEIAARMA Y B BeBRa° G s3hhubplie R Mg RAR0T,
provide the paftetaaemeds orth?w?t]t theEBﬁesB@&dﬂ@rl}ﬁtthﬁ@lH}ut Ptm s%rtﬁattétaﬁtesarml ed
by the tap signals TAP[O] to TAP[7] ta generate t eoutpt signal as a _

synthesi zed waateélocking chf bf 8€h3skd.Fi gure 3 is a timng diagramillustrating
- waveforns of the pattern inputs shown in Figure 1 according to one
énbodi nent _of _the invention. The pattern '”P“t bits PI[0:7] are provided by

the pattern di201gdsartiare dats BBIO: QWP?‘E@CFVGIMC quchstbawynptgﬂllttmteém Fléﬁfﬁ
patterni ﬁﬁﬁtzﬁﬁ%ﬁé}lé I8 Latgyecsnc-Blt S cTigpauiie g8 5hash R ks or oups:

é i Ecl uégsa?ﬂle m d % ?ﬁﬁiéggﬁér‘iﬁﬁe@}%eﬁﬁﬁﬁ Weﬁgﬂté@ 0 cqyuogeslg%lhe uﬁ)glrjp

N4 bits, i.eprovild ﬂtﬁpaﬂem ihpex PIOIFGL $hd p"attexﬁfilibdpblﬁ aamexdelnﬁy@tcb hye @pe hal f a
cl ock. perlod sao that they have nomnally one half a clock perlod to

stabilize, i.signalsTA®)0]iaVAPEH e deatbtesheciugpuksipmt aomsyothesistdupmveiome, bef or e

-being sanpl ed by the lower N4 tap S|gnals TAP[ 0: 1] as |IIustrated |n
ure 3, the _inputs in group

ﬁnu:tgl ?yl‘ﬁgjﬁﬂé?ﬁgﬁ%illﬁ%@%u %%'gwt tt'ﬁt ng waysg eaéoﬁéﬁpaﬁew tshewsmgnm S
TAP[0:1] . Si rpa choﬁdth t Bﬁéjt%nﬁjodp%egtf(&liﬁe iByé %Pgn Crgyr %ng' eqt?%fs% ful 't hey

cl ock period a one an periods, ‘res

nonmi nal |y ha\bﬁwﬁé@b e phflerdt dfith 96erdi 180 dhikd §Pﬁééess£6[yﬁsy thepét&%a miﬁl#' e_ N/ 2
tap signals TAP[2:5] and the upper tap signals TAP[© Al'so, the inputs

in group B nddd,nad syclivanieedlly the pealech register 182, one fourth a clock period from - |
tap signals TAP[2:5], while the inputs in group C nomnally have a hold
‘ time of one Pﬂ%llr’] Tahecplat(:)tgrlg u?pei\ltt in(t)sdartl,c ée?gf]eé [%P thg Ipa?tpe?rll rseol-ls_t'?a\ll? E?? 1Z1]three groups: A, B,
15 and C. Group A includes the lower N/4 bits, i.e., PI[0:1]. Group B includes the middle
N/2 bits, i.e., PI[2:5]. Group C includes the Uppef N/4 bits, i.e., PI[6:7]. The inputs in
group A are delayed by one half a clock period so that they have nominally one halfa
clock period to stabilize, i.e., they have one half a clock period of setup time, before being
~ samj)led by the lower N/4 tap signals TAP[0:1] as illustrated in Figure 3. Also, as
“) - 20 illustrated in Figure 3, the inputs in group A nominally have a hold time of one'fourttt a
' clock peﬁod from tap signals 'TAP[O:I]; Similarly, the inputs in group B and C are delayed -
by a full cloclt period and one and a half clock periods, respectively, so that they
nominally have one fourth a clock period of setup time to the middle N/2 tap signals
' TAP[Z:S] and the upper tap signals TAP[6:7]. Also, the-inputs in greup B nominally have
25 .ahold time of one feurth a clock period from tap signals TAP[2:5], while the inputs in

group C nominally have a hold time of one half a clock period from tap signals TAP[6:7].




5 WD 2003/034253 1 1 APR 2006'[0023] The shaded areas shown inethe

wavef ornms i i,qure 3 designate the approximate sanpling points of the.tap
bRy 1 Ry 86

signals from “10. As discussed above, in each case, up
and hold tinmes for the tap signals surround the shaded areas. [0024] Figure

4 is a diagramillustrating the digital-to-time donmain converter (DTC) 120 -

shown in Fi gul®2$] dbedadndiigeas dhovndn Gehieusiomin Sigureiedesigyain the gpprosimateDTC 120
includes a transm ssion_ gate array. 410, lifier cifcuit 430, and a
sel ector 440. S%B@%]Pmﬁﬁsec’f eé??sﬁ’ﬁ"?gifﬁﬁl 'g%ﬁ&ﬂﬁggés ﬁ‘i@‘??eé@é?‘(?e’é‘e? aattern
input PITO: N ] : [ | o transfer one
of the N patttlai]r:%{h?(rg]%pu Eﬁ?g&?h@@%{&;@%ﬁaﬁy Sﬁffagé}é&ﬁlg@g%}f%&;déﬁea%cti ve signal
from N sel ect signals SEL[0: N-1] provided by the selector 440. 10 The

transmi ssi on (#0Rd] Biguay idd Oiagrawlihdesin the dBRdNSGin Boigdh esnvwAQDIe) 430N- 1.
Each of the N transm'ssion gates 4200 to 420N-1 has an output. The N

out puts of 3t hehawntip Figyre kacoding gaersembaditrenionf4R0iNvehtiar. TheddT@ t20dclbdeget her

to formthe circuit, Ou%ngt' The connected N_. outputs have an equi.val ent
out put capaci £ SACEUSSIGESEETERE Y posraplilics it da.and s olecr 440+ r ansni ssion
gates 4200 to 420N-, includes an n 15 device 422], a p-device 424, and an

i ter 4261 b ' s EVi | Metal
i nverter [00T5)ETHR tRARMhiSForba ar@Pd16 Qﬁelpﬁsgﬁlﬁagfgxﬁvﬂ igg&]{\%g? aigpne al

Oxi de Sem conductor (NMOS) and p-channe uct or (PMOS)
transi stors, padsmelataonllp0 (Fiey oo eaodanee bete NQ@réh aipulitio tHeRirbiindsut 427
and 429j. The terminals 427j of all the transm ssion gates 4200 to 420N _|
(1= 0, . . . basedion azrastiversigreldrasel Nisolgestsignals SBLENI{ providhd by the seledtorad0 put |
Th term'ﬂ)al 291 is. .20 connected to pattern input Plfj] through inverter
450j . The p- detyi"@BSHSYaD giireargy G40 mcludes ¥ repsmissiop patgefile 10 H0ymaFackpfthe] . The
inverter 426%yj e n the gates Qf .th -devi.ce 4241 and the
n-devi ce 422 gg“ﬁ%@%%%“%ﬁ \é\@l%ﬁ'é}”ifﬁ%"ﬁ’gg tﬁ?ﬂ‘&a%fﬁ%‘ﬁ%)"ﬂﬁ%k SRR 4221
~is also_turngdieon20,tO8TN) AreofRORE Sk MBr HELMPRE G i TR nd
4291, Simlarly, v?/hen tNEer p?devi ce %241 i's turﬁled 8%% byﬂ?ﬁgmggt%%ygl i ng
sel ect si gnalouBkits[hiays artdyeivalent output capacitance. ‘ '

[0026] The transmissioﬁ gate 420; of N transmission gates 420, to 420y, includ_es ann-
15 device 422, a p-device 424;, and an inverter 426;. The n-device 422; and the p—d.evice 424;
are n-channel Metal Oxide Semicbnduétor (NMOS) and p-c‘ﬁanne] Metal Oxide
Semiconductor (PMOS) transistors, respectively. They are cpnnecte_d together at
terminals 427; and 429;. The terminals 427; of all the transmission gates 420pto 420y, (j =
: 0,. .., N-1).are connected together to provide the circuit output. The terminal 429; is
\) o 20 connected to pattern input PIfj] through inverter 450;. The p-device 424; has a gate
| controlled by_ select signal SEL[j]. The inverter 426;is connected between the gates of the
. p-device 424; and the n-device 422; so that when p-device 424; is turned on, th_e_n-device
- 422; s also turned on, forming a connection between the terminals 427; and 429j.
Similarly, when the p’device 424; is turned off by the controlling select signél'SEL[i],'fhe
25 n-device 422; is also turned off, isolating the terminal 427; from the terminal 429;. The use
Qf both the n-device and -p-device as fransmission gate provides a full voltage swing from

ground up to the Ve supply voltage level.




25 n-device 4221 is also turned off, isolating the termi nal 4271 fromthe
term nal 4'29,|'W0 ! of both the n-device and p-device as transnj Ssi S
gate provi de‘sraigpﬁ[f#%\?ol tage swing from ground up to the Vcc sﬁpdeM)R 2385 '
voltage level. 6 1 1 APR Me [0027) The anplifier circuit 430 has a gain and -
"1 s connect ed't@ '}'ﬁﬁ' N transni ssion gates 4200 to 420N i at the circuit
~ output to redU88ET Hbe aupliisr circap 43¢ hasscaingpd ixrornesien to thaprepsnigsiersgajesequal
“to the gain. ifier circuit 430 generates the output signal of the"
oTC 120" mhe as BTRUH sttty o Ten bR e Rrt sttt bl g ama - gevi ce
434, and an iapuRkileldtafial J B8 ohiflV ki Gl ST
out put to genea?gt e theejﬂ‘z?){%"f1 put "s‘?gﬁg‘% %qﬁ‘%@#@g&?@é&%@%@g%%utqﬁlgm%ﬂaggfdI ce

434 ar e connecheDTCAQe:t NigraniplifiéreirMitt0aRHIRRS kn n-HEARSAD SSI-QViBALE, and Bh S
f eedback transm ssion gate is coupled across the inverter 436 to provide a

feedback rédsi deverterd36THbe mvettsy #35ds d@Reaetiotthecipuitentput & ghddraithe @sputi n t he

on state, e.%., tg,% g%t@e_ of the n-device 432 is connected to the supply
vol tage Vcc antintlhdhgiwevigqsizdmand fhe ppslevies f #caragunecieddegsrhst todam o fagrbnahd.

0028] Th .44 . he N | ect. si [ SEL[.0: N-1] _. d
tho N tap. o cain o) TR GRS i s Cullededoy T e B0, qur o
1) . The sel echrividé4Geedbitk!ritdiedcdN TH Gldevick .Elmnlﬁ?hg]ﬁﬁ?ﬁ/ic%%tgé@&ﬁjm genpected in

cascade to generate at nost one active signha 2 el'ect signals

'SEL{ 0: N-1] .- | staief ey thevgatel of thé indevicel 402 {dondeb@d 1tha SlgpkalofBec?¥ - JHd thepag Of
the N select signals SEL[0:N-1] at a tinme. Each of the logic circuits 4401
i ncl udes & iﬂ(fg?P'é?Wml@fimn@teﬂlmgr@ade 444j . The input to the inverter
442 is connected to the tap signal TAP[]+1]. The input to the | ast

- inperter 442N,l.d connected to the tap signal TAP[O]. Referring to the
:Navef ornms of '\#teé%é]tslglﬁ S@F‘Bﬂé’ﬁ SURBES ¢ qr‘hsﬁ?%lﬁg@?sz%% }]éaﬁegﬁnﬁleglﬂgqp TAP[]]
hi gh, the, Hi + I i l.ew 20, f.ar a. perind equal

SO o N i e SANBR O dihfthe YA TR ORI g PEBRLARL, Ul TS
4400 to 440N jhclades N %ﬁén@l@t&ﬁiﬁ&&?ﬂ%ﬁﬂé&&d Athita@1E cBRACk sBOR Lo be

active during any Tp/N time period.
- - active signal of the N select signals SEL[0:N-1]. In other words, the selector 440

15 | activates at mosf one of the N select signals SEL[0:N-1] at a time. Each of the logic -
cjrcuits 440; includes an inverter 442; and a‘ NAND gate 444;. The input to the inverter
: _442j is connected to me tap signal TAP[j+1]. The input to the last inverter 442.; is
connected to the tap signal TAP[0]. Referring to the waveforms of the tap signals shown
inF igure 2, when a tap signal TAP[j] goes high, the next tap signal TAP[j+1] remains low
20 for a period equal to Te/N. This fact together with the manner in which the N logic. |
¥ ) . circuits 440 to 440y are connected allows at most only one select signal to be act-iv-e

during any T/N time period.

[0029] When a tap signal TAP[j] goes high, the correspoﬁding select signal SEL[j] goes
low, mming on or activating the transmission gate 420;. During this time, the other select
25 s.igna]s are high, turning off the ther transmission gatéé. Therefore, only inpwt bit PIfj] of
1tl_1e pattérn inputs PI[0:N-1] is selected to be transfefred to the circuit output which is

Jinverted by the inverter 436 to become the synthesized output signal. Since only one
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10029] When a tap signal TAP(]] goes high, the corresponding sel ect si gnal
SEL[j] goes ' [hing on or activating the transm ssion ga

During thi s\ﬁ)%‘?méﬁ@ ot her select 25 signals are high, turni ﬁ“&?o@ﬁlﬂ@ﬁ
other transm ssion gates. Therefore, only input bit PI[j] of the pattern

i nputs PI[O: N—%A .S, selected to be transferred to the circuit output which:
is inverted HYSIHEIOPgYeintks ranpisionguabhld is Weed pp onedtivatedatatimgy onlyiogwal .
Since only on 3/ 034253 1.1 APR 2096 transmission gate in the -
transm ssi on g?trzag’%ﬁggimssee‘ﬁf?i%td‘]tgﬁe'or activated at a tinme, only one
pattern input bit is selected at a tine. [0030] The anplifier circuit 430

can reduce t hpodelt T tampRRACIrEAIMSD cRY redlccaRP At cAHRBiItMY PPdEinvougAual to the
gain provided by the inverter 436. Since the frequency of the output

si gnal dependsppooxithdiely equapiotthcgahapiovidediey, thainverthn 436, oSinef thofbqudhcyEfiRCi t ance
| eads to -an increased operational frequency. An anal ysis based on

equi val ent? ci PYRH! fignal gepepdrconirouipgt Gapgciidnet & reduction afleutphiecapagitaideileads ti r cui t
430 can be used to show how,the aanAfi e[ ;I rcuit 430 can reduce the

out put capaci T aREESE %ﬁ’oﬁlé’ﬁﬂ‘@n%\ MBanRlySEs S3d AR PIYIYARTE Gifquits fos thed i val ent
circuit 500 ajyqt i : -he. lLitier circuit used in.one

enbodi nent of iztoﬁﬂﬁloﬁ}g%wﬂ%%%gﬁgrq(%ﬂ%a@%?@; an%? Psf?ﬂ%? shopgrow tﬁﬁ ARpider 5

resistor 510 cidit 4300RPaGLEChe SiRdPut cheRAke The resistor 510 has a resistance
R which represents the conbi ned series resistance of transm ssion gate

420) (Figure 4% on the activated pattern input bit PI[j] and the internal
resi st ance of[04HFigarepA is adiagrasy illngoting Fheuaiekentcarceit 5@t therDTC midiout bi t
PI{j] is tOhe t%?it Ht]ligat .15 corresponds to the last SDL tap signal that has
gohe hi gh¥ AFe BERTEEr gifopit usel én onie embodipnepicaf therinvantign. Therpguivaiget cawipI0 of

i nput inverte L: negted eit to the power supply Vcc or to
ground Vss, E%Céléhgg%rﬁé&gﬁﬁphaga Sa?agltﬁ’rg?é'l at its input. [0033] Note that the
signal I'N as shown in Figure 5A corresponds not to the input to the DIC

égg ) g Elt gU{ ﬁe 10032pmHe, reﬁﬁéxhﬁb had Orebifi8nc YORhi¥h Feﬁre‘é@?&s(’tﬂc EJh?oiﬁéavsgfiéﬁEsiﬁaﬁlgjs -
. of transmission gate 420; (Figure 4) on the activated pattern.input bit PI[j] and the internal
resistarce of the input inverter 450;. The activated pattern input bit PI{j] is tﬁe bit that -
15 corresponds to the last SDL tap signal that has gone high. All other bits are de-activated at
that time. The output of input inverter 450; is connected eit_ﬁér to the powér supply Vec or .

to ground Vss, depending on the logic level at its input.

. [0033] Note that the signal IN as shown in Figure 5A corresponds not to the input to the
B ) 7 DTC 120 (Figure 1), but, rather, to the supply to which the inverter 450; connects the

20 activated transmission gate 420;.

. [0034]} The capacitor 520 has a capacitance C which is the combined parasitic capacitance
of all the transmission gates 4209 to 4201 in the DTC 120. This parasitic capacit'ancé -
consists of the portion of the g’éte capacitance between the sourcefdraiﬂ nodes connected to
the circuit output and the gates of the devices, combined with the diffusion capacitances of

25 the source/drain nodes connected to the circuit output and with the inferconncct :

capacitance on the circuit output.




20 activated transm ssion gate 4201. [0034] The capacitor 520 has a
capaci t ance ish3ks the combined parasitic capacitance of flfl gp
transm ssi on‘g;g\aalit;uesgﬁ%i O to 420N 1 in the DTC 120. This parasitic PGZB_[]Q
.capacitance consists of the portion of the gate capacitance between the

-source/drain connect t the circujt output and the gates of the
" devi ces, con’biTﬁ)g’gf wetrﬁm?tﬁ’feﬁg??‘%ﬂ%F%PﬁC’F?éiB%Q: ofta A (v pass filley onile 8By LB dr ai n

- nodes connect ¢ i i4 t _and. wi,th.the . inter t _ o
“capaci tance Qn&% %S {g?e?gg%{ﬁ%alﬁiﬁlﬁ#&gg F\?@%&?B@R@ﬁ?&? c_fn%"i\ggn(%l&ﬁl[ebOBS] The
resistor 510 gneiatddPthe ARAEd: bPIran3RslbR GALP4200W 4BES Sinthd HEE 196 thd¥arok P! -

This low pass filter has a transition tine T proportional to trheg time .
const ant RC okquitedent cdph@tance (Thasd thavefied, thelargatuldxemsitibn timaMsm ssi on gat es
4200 to 420N 1 in the DIC 120, the larger the equival ent capacitance C,

and therefgre 5&3 larger the transition tine T. 5 [0036] The transfer
function of t H¥38kThesneerfungtion of the gpvalest girsait SO0 Sicdransiannstion o6p a

i mpl.e “one- pal.e | o filt ' bel ow. Vout 1 V.0(s) 1+sRC (2
[0057] Fi gur o 8 e B0 ot b Flr R ePPlRIog "an equi val et ci reuit 525 of the

DIC with the amplifier,circuit, 430 according to one enbodi nent of the

i nvention. The equi val e\{é\&diig-cij:-eui-t 525 includes a resistor 530(ma o
capaci tor 540, an anpli¥i(® 356RG@nd a feedback resistor 560: [6835] The
resistor 530 has a resistance RI and represents the conbined series

resi stance Sﬁrﬂﬁ%ﬁ .activated . transm ssion gate and the corresEor]di- ng
inverter dri tere 3B 5 @ Haganpiustigding an eqyivalentitevis 52 5 dhe BT awihdhrds t o

h Si s L. Fi SA.. T 0.i S i val ) th
Cabacitor s2d AR baEbEHiGheRying REon SRR sRh ol etna, Thish Y 550

.10 circuit 525 includes a resistor 530, a capacitor 540, an amplifier 550, and a feedback

resistor 5607

_ -[6038] lThe resistor 530 has a resistance R1 and represents the combined series resistance
~ of the activated transmission géte and the borresponding inverter driving the transmission
gate. The resistor 530 corresponds to the resistor 510 in Figure 5A. The.capacitor 540 is
15 .e(juivalent to the capacitor 520 in Figure 5A and hlas a capacitance C. The ampliﬁér 550

pro_vides a negative gain ~A, The feedback re,sistor-SGO has a resistance R2.

. [0039] The transfer function of the equivalent circuit 525 is given by:
- 1) V - vour (S) — -T i 7
- V() - @
in .

M =)

A [1+TJ
1+ —
A

wheré T= 53-
1

20 [0040] Equation (3) may be simpliﬁéd by assuming that R1 ~R2 =R and A >>1. The

' sim_pliﬁed transfer function becomes:

pl=}




. provides a negative gain -A. The feedback resistor 560 has a resistance R2.
[ 0039] The f: function of the equivalent circuit 525 is given by:
Vo' r (9) --%@2&%@4ZT+(]+T) 1+ SR (~) A+l + where T= R2 Rl g@ Ad®azq08
Equation (3) may be sinplified by assuming that R _ R2 = R and A >>I, The
sinplified transfer function becones: WO 2003/ 034253 Vot(s)__ -1 V*(s) :
1+sRC A (4) [0041] Conparing equation (4) and equation (1) shows that in
the equivalent circuit 525, 5 the effective capacitance on'the .output
signal is |ower by a fatt )_p_nj_‘ﬁ,__t he anplifier gain, than that Q,f) t he
equival ent circuit 500. V]ls¢ref o8 the effective bandwi dth of the DIC with
the anplifier circuit 430 is ‘appAaoximately A tinmes wi der than that of the
DTC wi thout the anplifier circuit. By using the anplifier circuit 430, it

I s possible tngSYnt hesi ze wavefornms having significantly hi %hgr .
frequencies tH4A ]vmaﬁ‘ﬂ&ﬁq@ﬁl?ﬁ(ﬁb@dz@él%ﬁt@?(grsh@?’s thet in fhe ep¥valit cHoE 26 he
anplifier girgui 0042].. The ative. si for. th ai I S e to the
i nversi on %auglggh‘%%ﬁ[vf REaIaBrs %ﬂgg?um%ﬁggﬂgﬂgge%by&%g% @’g}ﬁi amp(}‘%ﬁ'i gain,
i nversi on caneRegHESuRh iR s@dd | o il TC or by
i'nverting the pattern eieérdl%)lut P Er(%: N-1] qithé}g’tt‘o éﬂt%%g%& ‘%6)3 Jl%gf{ah%)l@ I er 550
corresponds t with the amplifidricirtuifd30 isdpprwiindielAQUI® wider i@ tHaR of @6 BTaCKitHoasi St or
560 corresponds to the feedback transm ssion gate forned by the n.

the amplifier circuit. By using the amplifier circuit 430, it is possible to synthesize ‘

waveforms having significantly higher frequencies than waveforms synthesized by prio_l" :

T ) 10 art DTC without the amplifier circuit.

{0042] The negative sign for the gain A is due to the inversion caused by the amplifier,
which has a negative gain. This inversion can be negated either by adding an inverter after

the DTC or by inverﬁng the pattern input PI[0:N-1] to the DTC.

[6043) The amplifier 550 corresponds to the inverter 436 shown in Figure 4. The
15  feedback resistor 560 corresponds to the feedback transmission gate formed by the n-

device 432 and the p-device 434 in the amplifier circuit 430 shown in Figure 4. -

[0044] In practice, the gain A of the amplifier is generally on- the order of 5t0 10.
 Therefore, the assumption A >>1 may not be completely accurate. Nonetheless, t'hc'. _
‘) o output capacitance is siglxiﬁcantly 1o_wered using this technique. The output swing may

20 - not be.over the full 0-to-Vc range due to this rather low value of A. However, |
| .connecting a rsimplg Iog-ic-gate, such as another inverter, at the cutput of the DTC readily
restores the output swing to the full 0-to-Vc range. The resistances R1 and R2 may be

adjusted by varying the sizes of the transmission gates in the transmission gétt: array 410

and the feedback transmission gates 432 and 434 in-Figure 4.
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devi ce 432 and the p-device 434 in the anplifier.circuit 430 shown in
Figure 4. | L.y, practice, the gain A of the anplifier is generally on
the order of é4%%m§6£5 Therefore, the assunption A>> 1 may hdt ARR 2006
conpl etely accurate. Nonethel ess, the output capacitance is significantly

| owered using this technique. The output swing nay 20 not be over the ful

0 Lop vee anaqosHse wiRle Ik fvbRbRRL NGNS ik et R IEN B, CORNRRRLDD 2

sinple | ogic gate, such as ano Inverter, a ,
readily rest akiegesbiftioR s fud inténdbde bk Codstfed it b linideQerdE C VEARE FrodiilRGtions
resistances RI and. R2 may be adjusted by varying the sizes of the

tTansm ssi on @dthedlhistrativeentbodimsnts, s welh agbe embodiyertd 6 tanthvehienf elddbare k
transm ssion gates 432 and 434 in Figure 4. 10 13 APR 2006 WD 2003/034253 1
1 APR 2006 [ 0GEEREn{ Regsopshskdller i thp eit Exwiielsthp wpntive perdinseee ddemed faelieer ence to
il lustrative Lents, - this.description is not intended to be construed
in a Linit¥ng%§%%§%?”ngwgﬁ§mﬁﬁgg?F%§Fmﬂns of the illustrative

enbodi nents, ‘as well as ot her enbodi nents of the. invention, which are

~apparent to persons skilled in the art to which the invention pertains are -

deened to lie wthin.the spirit and scope of the invention. 5 Il 12 11
April 2006 What is clained is: 1. An apparatus conprising: N transm ssion
gates having N outputs to transfer one of N pattern inputs to a first _
out put. based on an active signal from N select signals, the N outputs
bei ng connecteéd together to formthe first output and having an out put
capacitance; and an anplifier circuit having a gain and coupled to the N-
t{?nsnission gates at the first output.to reduce the

11




out put capaci tance by an anmount approxi mately equal to the gain, the
anplifier circuit generating an outputys signal. 2. The appay Féb%eOf claiml
wherein each of the N transm ssion gates conprises: a first "device and a
second devi ce coupled together at first and second term nals to provide the
first vt iBdbimedtis:the first termnal and to receive each of the N pattern
inputs at the second termnal, the first and second devices having first
and secamgppgatesompasigecti vely, the first gate being controlled by one of
the N select signals. 3. The apparatus of claim2 wherein each of the N
trans h*it@ﬁ(ﬁi&ﬁ%eg% having Nentpae fpgransfesoneaf Nipateen heuts manigotipd Hasddweesm t he
first 2geIsiges 8o Nopstesksigneistthe N cotputs heing eqroacleditegstine tathemthe first dutmusandevi ce

i s t uPAE BRUIRYt ©RECBE ¥ the N sel ect signals. 4. The apparatus of claim

Cur mefl e B e oai aRcatied ol 8 Fariigce 0as abeimsiyukip oueg ME| o1 m 2
turne . s atihe, laim 2
wher egiu?t,?ﬁ ﬁepgﬁ(ar”sg Sz(andze %%’85%8% et eesquﬁlrt%i] 9pibe ﬁrﬁ?ﬂ: I qrovioeperglingn output
respectively. 6. The apparatus of claim1l wherein at nost one of the N

sel ect. THe@PdrQud & cRiirh I WBerdih eBeH dr RN fansHiRGioABREd dnpsisf claim 6 wherein at
nost one of the N select signals is active for a period equal to T.sub.P

I N, Ta SabdeFichenhgsaondcderice ne.pled kaghepsitsdtnd stconBhemapRas grovde BE fie! @i 1
wher eftrihe fingt termrial dridde recéivecasich oftba Pt inpats ai they sacbier terons ltredirét@and Seofid r st
out pufevices brvierfigt and sesonsi gajest respegivaly; thafindt gatef keingtractiolled ynswios the dirselgat e
coupl ¥M¥cross the inverter to provide a feedback resistance. 9. The
appar s of clai.m@8 rein the feedback transm ssion gate conprises: an
n-t yp%ﬁ%@?p@éa%ésn?i mﬁ'”b%ﬁ%%m B%Qt;‘i ogg‘eg\{e)tf:ﬁ?é@tsé'ﬂn SUGEHEF CPE%F m a f eedback
resis ' f - ' o f. . the n-type an =type
(05! SRR ok BRANTR 0 51 210G B o B8 AR P e
conprising: a selector to generate the N select signals based on N tap

Si gnad. Thé aiharatusSy BiGiT DRBYEH BhRli¥ridritiifs off thd sechR@aARBMhEH 148 fidf deicBiigTurked
wher edfibyttieorealf thethogeleeoaignaisses: N l ogic circuits connected in cascade to

generate at nost one active signal of the N select signals.
5. The apparatus of claim 2 wherein the first and second devices are p-type and n-type devices,
respectively.

6. The apparatus of claim 1 wherein at most one of the N select signals is active at a time.

- 7. The apparatus of claim 6 wherein at most one of the N select signals is active for a period equal to
T.sub.P /N, T.sub.P being a reference clock period.

8. The apparatus of claim 1 wherein the amplifier circuit comprises:
an inverter coupled to the first output to generate the output signal; and
a feedback transmission gate coupled across the inverter to provide a feedback resistance.

9. The apparatus of claim 8 wherein the feedback transmission gate comprises:

an n-type device and a p-type device connected together to form a feedback resistor having a feedback
resistance, each of the n-type and p-type devices being in the on state.

10. The apparatus of claim 1 further comprising:
a selector to generate the N select signals based on N tap signals from a synchronous delay line.
1. The apparatus of claim 10 wherein the selector comprises:

N logic circuits connected in cascade to generate at most one active signal of the N select signals.




13 11 April 2006 12. A method conprising: transferring one of N pattern
inputs to a first output based on an agtive signal from @Elf@h signal s
using N transm ssion gates having N outputs, the N outpu pt5_e 8 connect ed
together to formthe first output and having an output capacitance; and
reducim_g\,tnaﬁo@ég,@ugmé;apaci tance by an anmount approxi mately equal to a gain
using an anplifier circuit having the gain, the anplifier circuit

gener abashgrirgione ot 10 phtted iFHAL to akidst oltp@ pEBIAGn@Etive lsRhdirdR NMRcRLidhals using N

t r ansfremsmissgn getephaingN oususs/ tHdiNeLtpUREb gl cdhnetel Rdbthat to tdi@ thd firstouth@al nal ;
and r sadngdnmytpgbeshacitbnaehandN pattern i nputs at the second terninal by a
first device and a second device, the first and second devi ces having
first reAHENG e ByaLt GaRasiance byanaraqupbanproxintatelf équslto g geie utieg argenomifiercinduited by
one of@4ngdhe ggin; femiplitier gireyit genetaling meutprtsigert of cl ai m 13 wher ei n

transtert] further .conprises: turning on the second device when the first
devi c?a&i@éﬁ%wﬁga}%aﬁmﬂgw rglngrﬁ%s‘f%f'"gt(f?@p “el ect signals using an inverter

connephadink 8k WREM St the firstied- SREOND gates. 15. The method of claim 14
wher EIEI’] t]rngntg:“a@rritég fuﬂrﬁttet? (':olr'r%ﬁcl?ses: turning off the second devi ce when

the f iebsitingleath @ethb 8 patisr #@ute b thO¥edoR@teMRal 8f a ilkEddMcs ShES tecthd@Rlcs thshRo t he
| nver érersecdrfdl. deVibes Haeihdiirgt 0 s€dodd Batds] radpedtiedly) tHeara gttt BEIng YorftrBfedlbl losd gf({ﬁé/' ce
and tHNeelsdsignals.devi ce conprises receiving by p-type and n-type devi ces,
respectively. 17. The method of claim 12 wherein transferring conprises

act i vit iThgymathodefstaing hdwhgrein fransferdnst ferdher sdrgmia¢ss at  a tine. 18. The net hod
of claim17 wherein activa at nost one of the N select signals

I tin t
ining o pond deyice yasnythe st dayics i durngtcihy e ogp gHe N SFiset signp T ezETe qual
fgmrﬁﬁ%gb%é@yefjgﬁﬁ%% N a"cgselp%'fdeqaéﬁ%e cl ock perigod._ 19. Thg| met _hodq(l;?1

cl ai mslZpReh&d &c@ﬁw@"l‘ﬂvﬁ@eiﬁ s RS e PRAGLANCe conprises: generating the

out put signal; an
turning off the second device when the first device is turned off by the one of the N select signals using the
inverter.

16. The method of claim 13 wherein receiving by the first device and the second device comprises receiving
by p-type and n-type devices, respectively.

17. The method of claim 12 wherein transferring comprises activating at most one of the N select signals at
atime.

18. The method of claim 17 wherein activating at most one of the N select signals comprises activity at
most one of the N select signals for a period equal to T.sub.P /N, T.sub.P being a reference clock period.

19. The method of claim 12 wherein reducing the output capacitance comprises:
' generating the output signal; and

providing a feedback resistance by a feedback transmission gate.

20. The method of claim 19 wherein providing the feedback resistance comprises:

forming a feedback resistor having the feedback resistance by an n-type device and a p-type device
~connected together, each of the n-type and p-type devices being in the on state.

21. The method of claim 12 further comprising:
- generating the N select signals based on N tap signals from a synchronous delay line by a selector.
22. The method of claim 21 wherein generating comprises:

generating at most one active signal of the N select signals by N logic circuits connected in cascade.




provi ding a feedback resistance by a feedback transm ssion gate. 20. The
nmet hod of claim 19 wherein providing tfge feedback resistap c% FEpri ses:
form ng a feedback resistor having the feedback resistance By ‘an n-type
device and a p-type device connected together, each of the n-type and
p-type devices being in the on state. 21. The nethod of claim 12 further
conpr 2siAgrcuigeinpFigihd:ng the N sel ect signals based on N tap signals froma
synchronous delay line by a selector. 22. The nethod of claim 21 wherein
gener atsvrwgroomelasémtogenmmtaNitatgsi@talsnm&tspam@etombﬂekeacééumaI of the N sel ect
signal s N logic circuits connected in cascade. 14 11 April 2006 23. A
ci rcu?tpa%fhﬁ?’te?g‘?ﬁ@? Q%G@WPﬁt@ﬁthiﬁlém@y line to generate N tap signals in

response..t ference SI pattern generator to generate N pattern
i nput § d'g 3" 8%%& Q;B t&f ne@@d egatierp genegator to
synchPgho 9% e gf”aﬂ‘& fre Sigat'y rP“Ij’é Rgnat RsinarsyhenmRaizey Bt the Bipaiie put
si gnal l?[romt é%Wtap signals, the output signal be| ng synchroni zed by t he

N pat NefaRsmisdiibates hbiey WPEGp GO IRFahstbihe oNhb NaAREF fo% @u'ﬂ s
out pubaivé sighdl Rets NeelettR@Nalk, thd 'R oNpRBbEIRY Ebnhélﬁ’é&ftt@gett r Uttt a ased on
an abavingensuipaiadapdditaneeNirdel ect signals, the N out puts be| ng connect ed
together to formthe first output and haV| ng an out put capacitance, and an
anpl i 81 pplid¢ncielitthaling/ 2 aajn andepiuplecitodhaeid trphsausstoo ghtes atthd firatneitputts ralocegtaé es  at

t he f PR cEnFEiREe RYPAYASRRAYBaPPIOgImatsiyt qauel te thp aain ttamaraplifigr cireitaeneraling an output
appro?é? ter equal to the gain, the anplifier circuit generating an output

f clai 3 h of the N transm ssion gates
(Szl)?rg?%‘;s-erﬁe syStefn 3%{'%'%@9'@%%“%} @88‘3%5£%§€?’§%?9&9§@ng1 oget ﬁer at first and
secongqikedelicd MdSa deBomdf &Vlbggou'%iéﬂ tddefnel at B} seco%:t t%i{n alst ﬁr%rée ﬁa ws{ouﬁ chF dto

r ecei Mencastiorinallang tdVeBitel R of PN bttt inb efir and

Secondbviceenvig Sirshand seforkiigatel, radhdchalg anéls rgpgtaee%em@%éﬂ?oﬂ RS of th Qﬁ feE:St gate
bei ngsignast rol | ed by one of the N select signals. 25. THe systemof claim

24 wherein each of the N transm ssion gates further conprises:
25. The system of claim 24 wherein each of the N transmission gates further comprises:

an inverter connected between the first and second gates to turn on the second device when the first device
- is turned on by the one of the N select signals.

. 26. The system of claim 25 wherein the inverter turns off the second device when the first device is turned
off by the one of the N select signals.

27. The system of claim 24 wherein the first and second devices are p-type and n-type devices,
respectively,

28. The system of claim 23 wherein at most one of the N select signals is active at a time.

29. The system of claim 28 wherein the at most one of the N select signals is active for a period equal to
T.sub.P /N, T.sub.P being a reference clock period.

30. The system of claim 23 wherein the amplifier circuit comprises:

an inverter coupled to the first output to generate the output signal; and
a feedback transmission gate coupled across the inverter to provide a feedback resistance.
31. The system of claim 30 wherein the feedback transmission gate comprises:

an n-type device and a p-type device connected together to form a feedback resistor having the feedback
resistance, each of the n-type and p-type devices being in the on state.

32. The system of claim 23 wherein the DTC further comprises:




an inverter connected between the first and second gates to turn on the
second device when the first device i turned on by the HWEﬂPOOFhe N

sel ect signals. 26. The system of claim25 wherein the inverter turns off

t he second device when the first device is turned off by the one of the N
select signals. 27. The systemof claim 24 wherein the first and second
devi caselaéter 1 géntRfte MBI Jarcky: ' ; ' i of
claim 23 mhergin at nost oﬁgﬁgg%ﬁﬁg%ﬁﬂggF%@Eﬁg%gﬁgf?mféﬁggﬁﬁsgﬁﬁﬁmggline
29. TR2 Ty systam offclairh 82 whét8in\Weesetettor ddafrieds: Nost one of the N sel ect signals
is active for a period equal to T.sub.P IN, T.sub.P being a reference

cl ock Npesi¢ @rguitszanneTigd insgaseagntadeneiate a2t onk ective Righdi ef therNIselbdtaignais.r cui t
conprises: an inverter coupled to the first output to generate the out put
signal; and a feedback transm ssion gate coupled across the inverter to
provi de a feedback resistance. 31. The system of claim 30 wherein the

f eedback transm ssion gate conprises: an n-type device and a p-type device
connected together to forma feedback resistor having the feedback

resi stance, each of the n-type and p-type devices being in the on state.

32. The system of claim 23 wherein the DIC further conprises: 15 11 Apri
2006 a selector to generate the N select signals based on the N tap signals
fromthe synchronous delay line. 33. The system of claim 32 wherein the
sel ector conprises: N logic circuits connected in cascade to generate at
nost one active signal of the N select signals.




