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DOVAI N CONVERTER FOR VERY H GH FREQUENCY DI J TAL WAVEFORM SYNTHESI S 5
BACKGROUN®O 03/03482521 d of the Invention [001] This inventi ®TrEhassss6t o
digital waveformsynthesis. In particular, the invention relates to
digital-to-time-domai n conversion. 2. Descrrptron of Rel at ed Art 10 [ 002]
There are nnnymmnﬁﬁﬂ\ﬁ}ajlﬁ'ﬂdﬂ ARA ANCIRIORD 2 dutd D MIATH
circuits. These factors i ncI ude envi ronrrent aI condr 4l ons (e g. suppl y
vol tage and t en§€ B R 6] FQHERN g ERGRAL |

i npl ementing the digital circuits. Aﬁg@ﬁ@;ﬁe factors, parasr tic
capacitance is a significant factor reduce the swtching
frequency. 15 [003] In nmany applications, it is useful to synthesize
digital wavefornms according to sone predefined pattern. It is desirable to
be able to synthesize the digital vwyekoRoUND frequencies as high as
possi ble. The digital-to-time-domain converter (DTC) is a basic building
bl ock used in digital waveform synthesis (DW5). The DTC perfornance is
limted by the Iarge ca acrtance that is inherently present on
its output node. 120 T%leé‘?‘#é’%‘eaﬁﬁ"’ Ncapacitance places a linmt on the

hi ghest frequency that can be synthesized wusing DWS. [004] Therefore,

there is a t
capaci tance 1 tﬁgll%?y(?% tl%%%s tég.%%l %gggﬁ%%&%@%@%%’hﬁ&%%%ﬁ%% ON OF
THE DRAW NCEre[aQ@ﬂ dlgm_tgs_ga{ergog@maj@m@giy@nt ages of the present invention

wi || become apparent from the follow ng detailed description of the

present invention in which:
2. Description of Related Art

10 [002] There are many factors affecting the operating frequency of digital circuits. These
factors include environmental conditions (e.g., supply voltage and temperature) and
electrical characteristics of the devices implementing the digital circuits. Among these
factors, parasitic capacitance is a significant factor that may reduce the switching

frequency.

15 [003] Inmany applications, it is useful to synthesize digital waveforms according to
some predefined pattern. It is desirable to be able to synthesize the digital waveforms at
frequencies as high as possible. The digital-to-time-domain converter (DTC) is a basic
building block used in digital waveform synthesis (DWS). The DTC performance is
limited by the large parasitic capacitance that is inherently present on its output node.

20  This parasitic capacitance places a limit on the highest frequency 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.



[006] Figure 1 is a diagramillustrating a systemin which one enbodi nent
of the 5 invention can be practiced. [007] Figure 2 is a timng diagram
i Il ustratwog3maseses orns of the signals shown in Figure 1 &ctarsdd/sageé o one
enbodi nent of the invention. [008] Figure 3 is a timng diagram
illustrating waveforns of the pattern inputs shown in Figure 1 according
to one enbodi nent of the invention. 10 [009] Figure 4 is a diagram

illustrating a digital-to-tiPREFIHRIGRIESHIMNE OFFHERBAWINGS Fi gure 1

according to one enbodi rent of the invention. [0010] Figure 5A is a diagram

illustratin ui.val ent .circui the DT L QE 11 er
circuit ysegoﬁsﬁ gﬂg fe@ %Scﬁnﬁé%\fan%géstﬁ%hﬁ pﬁflseer%llgg\rﬁdfl&?ggﬁbf%. |%Ig)rq}é%g%&|§s a

di agram i || ygt fRbivitg RRAiIEMMsUHHBA LS Mk hfeddd: iventidA@n Bhfenwi th the 15
anplifier circuit according to one enbodi nent of the invention. DESCRI PTI ON

[0012] The present invention is a technique to reduce the output

capaci t ance [006]t fégudd bistaadiagra iltustratingw-sgisseraimwhicn vesr anghodinBRO)t theed i n
digital waveform synthesis (DW5). The present invention includes use of an
anmpl i fi e ciipeagtion gan bepsaceRdout of the DTC. The anplifier circuit includes
an anplifier having a gain and a feedback resistor. The output capacitance

i s reduced n i_pat e i . pfier.
The ampl 1 11 a3 VBBS1 b443ae HelRlYy S0hEhe' Tk 8 ndl SRR AR
inverter and idlsdf2edbacdmboamhent 6f the ARekRi MPl emented by a transmi ssion
gate circuit having an n-device and a p-device connected in the ON state.
[0013] In the follow ng description, for purposes of explanation, numerous
details are [868] Figwe hisiatinging diagtam ifnsmiingwaveforos ofitih pettede inptasefivwiginof t he
present invention. However, it 5 will|l be apparent to one skilled in the art
that these JpSWFfiaecopdingiooge spBodipentofisiipedtioth order to practice the
present invention. In other instances, well-known electrical structures and

circuit S18" G0 éllg\g’i'gdrp4 Psl aocﬁ&rﬂll ﬂWsMn%%rJ@iiaﬂtoQﬁrq@aoMﬂ céanetQQ%ﬁ&WrFint he

present I nven
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 capacitance at the digital-
20  to-time-domain converter (DTC) used in digital waveform synthesis (DWS). The present

invention includes use of an amplifier circuit at the output of the DTC. The amplifier

circuit includes an amplifier having a gain and a feedback resistor. The output capacitance

is reduced by an amount approximately equal to the gain of the amplifier. The amplifier



[0014] Figure 1 is a diagramillustrating a system 100 in which one

enbodi nent of the invention can be practiced. The system 100 i ncl udes a

synchronowe od@es€y3 | ine (SDL) 110, 10 a digital-to-tinme do®arUSODsBse6t er

(DTC) 120, and a pattern data unit 130. [0015] The SDL 110 receives a clock

signal and generates N tap signals, or timng pul ses, staggered at Tp/ N
noted that the use

i nt l's, wh TR is. t l.ock iod. Lt should b

of the SoL F100% ERPEIY BB R RUGULE: BETeraRa PhE R R E b et t he
o | _ o _ S0 me

ap Sgnal o EosTRac gl Gty A0 IR AR Rale OGRS, Bt T ock

| oop (DLL) and phase-| ocked |loop (PLL) nethods. The DTC 120 conbi nes the
SDL tap sigradrs]a the fallgyeihg édseriptiopufior puapossyoft dxplanat®natmneudup detailarefar m one
bit every Tp/N interval. The pattern data unit 130 provides the input
pattern to theh prederzoprovide akareughindesstanding of thegwesepidnyvratien. sHypugvew it
register 132, a3 pattern shifter.134, and a patter ata gener.atqor 136. 20
[0016] e pui e BRI SR bhiEd bitha s PE e RPeat  Re B BRE R ot a 1 or
synthesi s i . T . SHLf ] I phase
Shi e into 1RETEt e Bk Son T HoRR e B el S e
of bits thatcjlcgitddr®Bdwin iR BRIk HRghMS oAU er@bt toRBRRR: thdplkient thgtibgsOl uti on
of the introduced phase shift is THHN. A left shift corresponds to a
negati ve phase shift and a right shift corresponds to a positive phase
shift. Let KobBY] Figurd e isrudiiesm diustpating atspstére 18Minfwidch one@imbadipent dfeheanount of
phase shift. The anmount of phase shift is, then, given by: 3 WO 03/034253
PCT/ US02/ 3358@ntign caat@gactitgd. \'he pprteny 1 00Tinelugrstatsgrahirgnons delayrling §3Dk) bides t he
shifted pattern data fromthe pattern shifter 134. The ttern register
132 updat¥es aHait 'é‘f"t’”é‘?r‘?o’aéltnéo'b‘(gg T&ﬁ?@ apﬁépﬁﬁe@i%uw &ﬂ proper set-up
and hold tines for sanpling by the tap signals fromthe SDL 110. The

pattern to qﬁ%ﬁg?%gfsmsﬁé‘?goeivie?a91@51@§i§ﬂa1 afRAGESs NafRGRIsChQfing phikdier by

bei ng repl ace new pattern
staggered at Tp/ N intervals, where Tp is the clock period. It should be noted that the use

of the SDL 110 is merely one method to generate the tap signals to meet the timing
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-locked loop
(PLL) methods. The DTC 120 combines the SDL tap signals with a pattern input to
synthesize an output waveform one bit every Tp/N interval. The pattern data unit 130
provides the input pattern to the DTC 120. The pattern data unit 130 includes a pattern

register 132, a pattern shifter 134, and a pattern data generator 136.

20  [0016] The pattern data generator 136 generates new 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 by a number of bits that is proportional to the amount of
phase shift. The resolution of the introduced phase shift is Tp/N. A left shift corresponds
to a negative phase shift 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 amount of phase shift. The amount of phase

shift is, then, given by:



data fromthe pattern data generator 136, or by being shifted by the
pattern shifter 134, or by both. Wen the pattern changes, it is invalid
during thwofotse2sporti on of the reference clock period amdTnesy2/sssesanpl ed
incorrectly by the tap signals fromthe SDL 110. To overcone this
difficulty, a delay scheme is used by the pattern register 132. This delay
10 schene is illustratedgiRgdei gure 3 and will be described later. [0018]
Figure 2 is a timng m;xﬁ?yﬁﬂllustratlng wavefornms of the S|gnéDs shown in
Figure 1 according to one“enbodi nent of the invention. The signals include
the reference clock signal CLK, the tap signals TAP[0: N-1] fromthe SDL
110, the sy r[?(ﬂrﬂ) The ?&teﬂ@f g@fep 1309084k the E}[L@ed\ba&bmfd'éﬁmﬁﬁie adtdrednfidragy st er
132, the shifted pattern data fromthe pattern shifter SPD{ 0: N-1] 134,
and the ori gihaghttgatdgisted 1datpdabdfie: fktdrh dﬁuacpmserfml tpeﬂtet[é’l’(h 12wvsh geper at or

136. [0019] In this illustrative exanple, the nunber of bits N for the
pattern dat aci-gp @d hiphiktinaes for emplingby the t?@ﬁtﬁnﬁ]g ﬁpﬁlﬁh%ﬁahéil% Fhegnitemdo BpL 110,

0 oups. t%hZAsé’HésezegfxaLg%neﬁé Slipent rrrigeraret b Bog rPleEs BN PRE" ot
N4 tap si 9%@ asf{%n'l He: pa’g%ﬁ‘@h? Eéderatm%sc%g rfse'mg LIRHM 12&[199&?% ifer TG E 3,

corresponds nal The third group,
group Cin yyiau ewBen 68 b&t@%@@ﬂﬂ@estlﬂlsﬁxﬁ\ﬂhﬂ aﬁﬁngMéﬁltsﬁ;ibrﬁcbrgjﬂlheSrsferenee :
TAP[6:7]. The tap signals in the first and the third groups are

de- assert ed dlecktpagodamich®y efsampled dlcoréctly by ithedap éfgmﬂStfaqm ﬁw@ﬁﬁl 40. Tn t he

m ddl e group are de-asserted at the start of the clock peri

de- assert i ngpvetseme dis Ql@ﬁcsult@rﬁedeéawﬁhws psed & thergtterA reeiptey rlé%rpﬂilﬁd‘?l% m ddl e

of the c]ock erlo d nd hi an be achieved, as will be
shown Iaier. gﬂﬁﬁ“ﬁi“ﬁ%@ﬁﬁ £fd ﬂﬁﬁéhgﬁﬁﬁigffes 4 \\D 03/ 034253
PCT/U802/33566 betmeen the three groups are a design choice. In other
enbodi ment s, joh F”%HP@@E Dming tALRR ARG H% HeRiRk BOe SBYalDhoth AN BRMre AS
seen in Fngf ﬁg he ﬁaptgwgna fAP[Sf v are asse??%disynchron%gsly W th

t he correspongicadingab by mbodphknt 5’E1i19 infentn. Thasignadd indbdeathe thfdrence klocki ng can
be achi eved.
signal CLK, the tap signals TAP[0:N-1] from the SDL 110, the synchronized pattern input

PI[0:N-1] from the pattern register 132, the shifted pattern data from the pattern shifter
15  SPD[0:N-1] 134, and the original pattern data PD[0:N-1] from the pattern data generator
136.

[0019] In this illustrative example, the number of bits N for the pattern data is 8. 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,

20  corresponds to the first N/4 tap signals, i.e., TAP[0:1]. The second group, group B in
Figure 3, correéponds to the middle N/2 tap signals, i.e., TAP[2:5]. The third group, group
C in Figure 3, corresponds to the last N/4 tap signals, i.e., TAP[6:7]. The tap signals 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 will be shown later. It should be noted that the boundaries

4



5 [0020] The pattern data PD[0:7] changes every clock. In the exanple
illustrated in Figure 2, the pattern shifter 134 introduces a 3-bit left
shift corwespondshg to a phase shift of - 135. The patter RCTAOE33E66 132
del ays the shifted pattern data SPD[ 0: 7] by one clock to provide the
pattern input PI[0:7]. The pattern input bits are then sanpled by the tap
si gnal s TAP[beiwetothE AR frotyss ayemdesignehvine lowthpuembidimerits, ds mmbynethesi zed
waveform 10 [0021] Figure 3 is a timng diagramillustratin vvav8f rms of
t he patt er n graweeas thpsipEPings may brshangeda &6 8558 k18P %H@t%%jﬁ%m[ df the

invention. The pattern input bits PI[O:7].are r.ovi | tern data
generator 138 asg e%lP@thiopgusﬁ?'e‘é'glgglgF?’%‘esggddt“}%epag%@tn?ruﬁglgﬁ'iﬁ) %loedrlﬁ?fil%%e and

synchr oni Ze%ﬁ@{:l&cﬁ'ﬁx Rt beEsdich&Pi ster 132. [0022] The pattern input bits are
del ayed by the pattgrn register 132 in three groups: A B, 15 and C. G oup

A includes the lower N4 bits, i.e., PI[0:1]. Goup B includes the mddle
N 2 bits,;s i.[@020] Ph¢ Batle}n daGr BPDD: T changbschery didvd. Uipthe exaviple Biustsatedi indigure

PI[6:7]. The inputs in group A are delayed by one half a clock period so
that they havehemairnshiftgr Gddntrpdpgesa 3-tif gk phifcpiresgondingiogphpsesbift o« | t hey

h hal f | ock i.od A i

|Hwe "N 4 gaaasi‘i o eterh et 47> 4957 e 2y afih RAE SR BRLb P RFRSE 8 5
illustrated j.n.Fi . b i : i I i
of one. oo tROE B bl ispPHOAL he bilicfi R ofs ARMASMeBY o o101 6, LU

i nput's i n grspls BANOl t@TﬁW]d@F@ﬁéﬁ% th®yutputisiphhl 6 b@gihgserd advanth.one and a

hal f cl ock periods, respectively, so that they nomnally have one fourth a
clock period of setup tine to the mddle N2 tap signals TAP[2:5] and the
upper tai® silf0l] Fignee} B:atjming\lisgramtiHestioipgivavefaimg pblip PEteHbIFPHARIY Ve 25 a

hol d tine of_one fourth a cl i od from tap si TAP[.2: |
inputs T dil! Sl o SRR TN s IO GO i o
romtap SiIgnal. .

Chaded ar cad QAP e aFEele B Bt e B R e e e o

sanpl i ng pO”%h?mﬁgy&mﬁn&ﬁgb§ﬂQQﬁh§n&&ﬂﬂ&ﬁbg SDL 110. As di scussed above, in
each case, ealthy set-up and hold tines for the tap signals surround the
shaded areas.

[0022] The pattern input bits are delayed by the pattern register 132 in 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 upper 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 half a
clock period to stabilize, i.e., they have one half a clock period of setup time, before being
sampled 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 fourth a
clock period from tap signals TAP[0:1]. Similarly, the inputs in group B and C are delayed
by a full clock 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[2:5] and the upper tap signals TAP[6:7]. Also, the inputs in group B nominally have

25  ahold time of one fourth 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].



[0024] Figure 4 is a diagramillustrating the digital-to-tinme domain
converter (DTC) 120 5 shown in Figure 1 according to one enbodi nent of the
i nvent i orwOTR@3£23LC 120 includes a transm ssion gate arrapCFat2/33566
anplifier circuit 430, and a sel ector 440. [0025] The transm ssion gate
array 410 receives the pattern input PITO:N-1] fromthe pattern data unit
130 (Fi gur e [(023] Thé stadsf @easchevomh thdreandfqms ireFigure 3plesignatotht heproiimeti t

out put based on an active signal fromN select signals SEL[O: N 1] provided
by the sel ectopling4®ints of thitvep sigatls fipedhatPlght® Ay dagissed abevgcin Gad<Capg,

transm ssion gates 420Q to 420N 1, Each qf the tyansm ssi on gates 4200
Lo 420N 1 hdeaidy SB%HW.“%%&“%%JP%@P@%& f‘ﬁ@“ﬂf‘%éﬁ%ﬁ‘?%&ef‘%n gates 4200 to
420N _1 are connected together to formthe circuit output. The connected N

out puts hav g(r)](gé%] gfsﬁﬁe\’@is%@iagﬁ)&fﬁ H}ﬁgtré{ﬁg%i &%ﬁﬁﬁ)—tilﬁ@@@tﬁ?}in I&@eﬂéﬁD&”_@ $%0 on gate
|

420 of N tr on gates 4200 to 420N_1 includes an n 15 device 422, a

p- devi ce 5424howamdFigute il AV@diag toh6 embbdimantdd iedeved83]. HrATO &2 Qindeddsce 424]
are n-channel Metal Oxide Sem conductor (NMOS) and p-channel Metal Oxide

Seni conduct artrahRMSEPn gate asdyst Or an anppdidfiseeitcois 8P4 andp sslecird4Bonnect ed t oget her
at (j = termnals 427 and 429]j. The termnals 427] of all the transm ssion

O oo 1200, BT S rphmission eatp Ay 11 5 ECiATMERLER hABBIDAL 1 FurPliRYT 0 1 he

circuit out ermna con to pattern i1 nput PI[]]

through inveptigh 14@0nit TBE (MzHEY] ©8raftdd onb35thd NIgHitern ifsUl to@hd @Rubpyutped ect
signal SEL[]]. The inverter 426] is connected between the gates of the

p- devi ce 424jasqing ahhetive sieml fen 202 ecsdgralSEDhNAL | pralided by tik2slectios 440ur ned
on, the n-device 422 is also turned on, formng a connection between the
t er mi nal ¥ 42he tansiniasig) gate Brayi418 inojudesN diansopission giissida @ 430y Bagh pldhe of f by

the controlling sel ect si I i.], the 25 _n-devjce 2j..1s also turned
of f, isolat ilﬂag%SH%SSt%lr%ﬁeﬁ 25&49 %OLNFIJH%MQ ‘f‘e?ﬂ? ﬂé’f‘@%’?%ﬁjﬁ AFELSIBf  bot h
t he n-device_an - ice LSS i age
awing §rom B RE GG GALEannaR Mttt AL bisn, Fup et
PCT/ US02/ 335@1@)uts have an equivalent output capacitance.

[0026] The transmission gate 420; of N transmission gates 420 to 420y.1 includes an n-

15  device 422;, a p-device 424;, and an inverter 426;. The n-device 422; and the p-device 424;
are n-channel Metal Oxide Semiconductor (NMOS) and p-channel Metal Oxide
Semiconductor (PMOS) transistors, respectively. They are connected together at
terminals 427; and 429;. The terminals 427; of all the transmission gates 420 to 420n.1 (j =
0, ..., N-1) are connected together to provide the circuit output. The terminal 429; is

20  connected to pattern input PI[j] 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, the n-device
422; is also turned on, forming a connection between the terminals 427; and 429;.
Similarly, when the p-device 424; is turned off by the controlling select signal SEL{j], the

25  n-device 422; is also turned off, isolating the terminal 427; from the terminal 429;. The use
of both the n-device and p-device as transmission gate provides a full voltage swing from

ground up to the V¢c supply voltage level.



[0027] The anplifier circuit 430 has a gain and is connected to the N
transm ssion gates 4200 to 420N 1 at the circuit output to reduce the
out put caweweBanse by an anmount approxi mately equal to thecgaisn2/33Fhe
anplifier circuit 430 generates the output signal of the DTC 120. The
anplifier circuit 430 includes an n-device 432, a p-device 434, and an 5
i nverter 4340027 &he amelifiercird86430das o gaie endsid cormettpdtodhe Nuiapsnoissiqngateso
generate the output signal. The n-device 432 and the p-device 434 are
connect ed t dg8t ledROx-atfils ¢iicait paigpida duce the AURYTSaRASHANGE P¥ 2n SR f eedback

transm ssion gate i.S co ed acrass the.inver 4 [.OV] eedback
resi st ance. &?ﬂ@xm%‘%¥ F%lga%)ége gyt -%glgli/‘%{ré“é{t 3%04ge§r§r§1{e§g{epc}u%\ﬂ{ ﬁéﬂ ag%ﬂf st at e,
e.g., the e i I8 ; Vi

ond the gar ShERC [P0 TR SRMEE AR 435 (RARBCA! LR SRS SUAR MY ObLRaS 2C°

sel ect or A40n@eRe4F. Ehelilertdt 436lieainnstgnakie cobhif Qutpkt 1d gdnasedhosutpie N tap
signals TAP[O: N-1] fromthe synchronous delay |ine 110 (Figure 1). The

sel ect or 44Gignahdlhgdedeviel4dpid the polaviesd Y aoncanpectgigngethes efioes & &¢dbaskcascade
to generate at npst one i ve nal, of the N sel ect si%égnal S 0:N-1].

In ot her wortFgsmysgign g@?-e@@g 665112?61%% nsﬁ@ﬂ“&?&?@éﬁ Ll §?r°§§r’f We‘/@eﬁg sel ect
et o Saasollicd iR Msined A5 a9yl 8a) B e p LGS AL0h dAgH UlEs an

i nverter 44ﬁr°an _ he  Impu I nverter

connected toufhg o ape %itegmhe ARLideBb is digedtdany thels@ppi folta@8 Vi Adand gite 442N 1
is connected to the tap signal TAP[O]. Referring to the waveforns of the

tap signdl s chigmdevice BUdutoanatedwbegiowmdt ap signal TAP[j] goes high, the
next tap signal TAP[j+1] remains |ow 20 for a period equal to Tn/N This
fact together with the manner in which the NJlogic circuits 4400 to 440N_1
are connect 80281 Thaselggtonfidgizcrpiptys thal sglsptsignals isg%ﬂ:NtlJ)b%?éd gethedetaP dur i ng
any Tp/N tine I 4 0029] .When.a ta i.gnal, . TAP[ | s high, . the

cor r espondi ﬁ&@glféﬁog{"&rﬁqé %’I‘:glf{”j‘c]l“mé‘&ésgde?ﬁygw 1%%@*{)1%%&5&?@%4\§gti ng the
transm ssi pqn&ﬁ?eg I\fﬁwgic it ol 131430 | (BanecidaGn C4sBER gén%ﬁ&e atdpstngnal s are

tS
high, turning o ot her transm ssion gates. Tﬁer fore, only input bit
PI[j] of theichdd §igtadof BOWE BletY fidhalN-SEL [0:N-13llg 6therdwdrds, bies sefeadsdsar red to the

circuit output which is inverted by the inverter 436 to becone the
synt hesi Ped ativgsesat sioghade.of BienteeleshsignatstEL[0:N-1] at a time. Each of the logic
circuits 440; includes an inverter 442; and a NAND gate 444;. The input to the inverter
442;is connected to the tap signal TAP[j+1]. The input to the last inverter 442y, is
connected to the tap signal TAP[0]. Referring to the waveforms of the tap signals shown
in Figure 2, when a tap signal TAP[j] goes high, the next tap signal TAP[j+1] remains low
20  for a period equal to Tp/N. This fact together with the manner in which the N logic

circuits 440, to 440x.; are connected allows at most only one select signal to be active

during any Tp/N time period.

[0029] When a tap signal TAP[j] goes high, the corresponding select signal SEL[]j] goes
low, turning on or activating the transmission gate 420;. During this time, the other select

25  signals are high, turning off the other transmission gates. Therefore, only input bit PIfj] of
the pattern inputs PI[0:N-1] is selected to be transferred to the circuit output which is

inverted by the inverter 436 to become the synthesized output signal. Since only one

7



7 WD 03/034253 PCT/ US02/ 33566 transm ssion gate in the transm ssion array
410 is turned on or activated at a tinme, only one pattern input bit is
sel ect ed WD 0a/084282. [ 0030] The anplifier circuit 430 can PewNSe2/83%566 out put
capaci tance by an anount approximately equal to the gain provided by the
inverter 436. Since the frequency of the 5 output signal depends on the
out put capadiansmission gate mdbetransmissibn euayphil isEpwdion anewdivhted el tinge, oaly one

i ncreased operational frequency. An anal ysis based on equivalent circuits
for the DTC patterp ingut bipisselaeted diatii% he anplifier circuit 430 can be used to
show how the anplifier circuit 430 can reduce the output capacitance

LO03L] H1 9urGesph g alglﬁgﬁh&%am Aol tuald o ARl SALNAERY afhhGl ¢ 500 at the

DTC wi t hout ifirer circult used 1n one enbodl nent of the

invention. T ﬁroﬁﬁﬁﬁtélflk | tothd Edih probiQCU by the inveles 4361 Siatstho frequbicyasttiha
capaci tor 520. [0032 he resistor 510 has a resistance R which raetgresents

t he combisSneduger sigsal degnds amtbe outpiit cepagiteee.sgedistigmoiou@O caprtitpoeecleas ton t he
activated pattern input bit PI[j] and the internal _ resistance of {rEe i nput
i nverter 4500 inHeasedenciaiionad Tsdieney.nAn ARsishrsedpneayivplentcenisiter tﬁ%Q 15
corresponds tq t.he | ast . t ap..si gnal at .has_gone high. Al . er bits
are de-acti v‘gﬁé’ﬂ&ﬁ’t‘t a“?ﬁ”é@%? %‘.Hl lfﬁgr%lﬂt%ﬁfano uls%%ﬁtSE?%\berv%hgramfgg%pi s
connect ed eicthb,ﬁﬁ4§@ca§1r}§dlﬂ9‘dﬁrouﬁ)up&gé'cityﬁ& or to ground Vss, depending on
the logic level at 1ts 1nput. [0033] Note that the signal IN as shown in

Fi gure 5A corresponds not to the input to the DIC 120 (Figure 1), but,
rather, to t[0e31HigpireSAds adibgrhmtihstratmgenteguival&d crann®dtas the i Owitlaat | vat ed
transm ssion gate 420. [0034] The capacitor 520 has a capacitance C which

i s the cbhbitheamplifiessireyitusedisanp emhedimensfof theinveption. /g sapivaded firgt W8 420()
to 420N_1 in the DTC,120.. This par.asit|c capacitance consists of the
portion of tlﬁ%lugeﬁtaéesé%ﬂagéPIaQ%%8£’B‘§&’\'i\é%¢\ t he source/drain nodes connected to
the circuit output and the gates of the devices, conbined with the

diffusion c a@@ﬁgt'[gl@ ¢&Xt 518 Rad A¥Esist e ROV bR ePreBRtae SOMMIRGIERLslrsidtdiRe
circuit output and wth the i1 nterconnect
of transmission gate 420; (Figure 4) on the activated pattern input bit PI[j] and the internal
resistance of the input inverter 450;. The activated pattern input bit PI[j] is the 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 either to the power supply Vcc 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
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 420 to 420y.; in the DTC 120. This parasitic capacitance

consists of the portion of the gate capacitance between the source/drain 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 interconnect

capacitance on the circuit output.



capaci tance on the circuit output. 8 WO 03/034253 PCT/US02/ 33566 [0035]
The resistor 510 and the capacitor 520 forma |ow pass filter on the input.
This |owpassesf2siter has a transition time T proportionalPCTasonessté me
constant RC of the filter. The |arger the nunber of transm ssion gates
4200 to 420N 1 in the DIC 120, the larger the equival ent capacitance C
and t her ef or B035hEBhe rasisfer 510hed theaarictiordR 0 formea IBw rﬁss[f fles fﬁil th‘Ehgaut.r’Hl}iisf er
function of the equjvalent circuit 500 is the transfer function of a

sinpl e one-p “épqsgwt??é‘é%a¥r?f}stt@i‘1 tigne Typropaftional tnthe Yoeporsgnt RC of fhgilteny, | (s)

1 + sRC [003 I LS Lagram il lystratin n.eguival.ent circuit

525 of tLe Dﬂf f\/%gtg ﬁ{ht%r?gl%béarr%ﬁagﬁmégsm@i%ateﬁﬁ?@i%%ﬁdé‘dg%ﬁ’ﬁiﬁj i%) gﬁéarg??ﬁlbegggent
of the inventqudmlent BpaBitittd@l BRheAGok! he Wtder AR rahdiGbHRS T F €SI St or , @
capaci tor 540(?%nenatr%ai fi er@’550,hegér¥(c)i at feeéc?lgackra resrﬁgﬁir 560:"' [0038] The

resistor 530 has a resistance Rl and represents the conbined series

resi stanceé H03¢hBredonsfenfuactionrod isregeisalent cgeniesMrisl the hendarfesipobtla Nng
inverter driving the transm ssion gate. The resistor 530 corresponds to
the resistorS8P qnﬁ-mfedaw@ass,ﬁlterrﬁeg%ea&a@m or 540 is 15 equivalent to the
capacitor 520 in Figur ?A and has a capacitance C. The anplifier 550
provi des a negative gaﬁm_i)A_. eedback resistor 560 has a re;{/zzt ance R2.
[ 0039] The transfer fukMgts)onlebRChe equivalent circuit 525 is gi

VU (S) TV,.n(s) (3) (1 1+ +T) 1+ SR2(W A I+T J 1( A

n by:

[0037] Figure 5B is a diagram illustrating an equivalent circuit 525 of the DTC with the
amplifier circuit 430 according to one embodiment of the invention. The equivalent
10 circuit 525 includes a resistor 530, a capacitor 540, an amplifier 550, and a feedback

resistor 560:."

[0038] The resistor 530 has a resistance R1 and represents the combined series resistance

of the activated transmission gate and the corresponding inverter driving the transmission

gate. The resistor 530 corresponds to the resistor 510 in Figure 5A. The capacitor 540 is
15 equivalent to the capacitor 520 in Figure 5A and has a capacitance C. The amplifier 550

provides a negative gain —A. The feedback resistor 560 has a resistance R2.

[0039] The transfer function of the equivalent circuit 525 is given by:
Vout (S) — ~T 3
V. - 3
n(5)

(1 + i+ T)j 1+ R (%)

A (1+T)
1+ —
A

where T= B—z-

1

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

simplified transfer function becomes:



where T= R2 Rl 20 [0040] Equation (3) may be sinplified by assum ng that
Rl = R = Rand A>>1. The sinplified transfer function becones: 9 WO

03/ 034253wB@3n8882/ 33566 VO"f(S)_ V,,, (S) 1 SRC (4) A [Pe@AKp2/E3sapari ng
equation (4) and equation (1) shows that in the equivalent circuit 525 5
the effective capacitance on the output signal is |lower by a factor of A,
the anplifier gain, than that of the equivalent circuit 500. Therefore,
the effective bandwidth of the DTC with the anplifier circuit 430 is
approximately A times Wid.e r_thah that of the DTC without the arTP ifier
circuit. By using the &pfd)i fi esRC rcuit 430, it is possible to syl%t hesi ze
wavef ornms having significant i gher frequencies than waveforns

synt hesi zed by prior 10 art DTC without the anplifier circuit. [0042] The
negative sign for the gain Ais due to the inversion caused by the
anplifier, UMAthComgariagsapiion (B agdpquatiqth(l3 showsdhas imthe equivabet cisgittsedl ei t her
by addi ng.an_inyerter after the DIC or by inverting the pattern input
PI[0: N-1]° t oTEITECHVE canastianss Oﬁ'ﬁ’ﬁ O4RHi W‘}a@é 1@%%86#‘?“3%‘;5’5@@! cppplifie salver t er

436 shown i ngEi g : o .Sk Or ar.r opgds t he

f eedback traﬁlgirh&%{s?fgﬁe %@?\gl g?;crrggggg Jf%eg&?\{e’ ggg\?{f%glgigaéldgﬁ%ﬁ?ﬁge Bfrg:evi ce 434
in the anpl i fvitkrheCiplifibi cifk3 4§m@\a1aﬁ>lioﬁnﬁ'te%uminfés widePBfdft khat BF tRE BEE! Withopt NE
gain A of the anplifier is generally on the order of 5 to 10. Therelyore,

t he assunpt i the ampbfid cirayit. Ndy udies the applefice kircaict30y iatsgosse Rt Syathess, t he
out put capacitance i s significant l}-g}é{l | owered using this technique. The
out put swi ng™WAERorS hayng pignifgaily higher figquenriasshapciavefarmpesydhesizad bytirior r at her

| ow val ug, of ve connecting a sinple |logic gate, such as anot her
i nverter ?O at a’?ﬁgagmﬂ{ﬂ%?m{ﬂﬁ@erﬁ‘f@lgeadi ly

[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 inverting the pattern input PI[0:N-1] to the DTC.

[0043] 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 5 to 10.
Therefore, the assumption A >>1 may not be completely accurate. Nonetheless, the
output capacitance is significantly lowered using this technique. The output swing may
20 not be over the full 0-to-V¢c range due to this rather low value of A. However,
connecting a simple logic gate, such as another inverter, at the output of the DTC readily
restores the output swing to the full 0-to-Vcc range. The resistances R1 and R2 may be
adjusted by varying the sizes of the transmission gates in the transmission gate array 410

and the feedback transmission gates 432 and 434 in Figure 4.

i0



restores the output swing to the full 0O-to-Vcc range. The resistances Rl

and R2 may be adjusted by varying the sizes of the transm ssion gates in
t he transwogioansyate array 410 and the feedback transm ®sirarsoysdses 432
and 434 in Figure 4. 10 WO 03/ 034253 PCT/ US02/ 33566 [0045] Wile this

i nvention has been described with reference to illustrative enbodi nents,

this description is not intended to be.cqnstrued in limting sense.
Vari ous nodi@04ghVibilaghis grentin hﬁﬁ%eﬁ’%fi"rsﬁrtﬂ?ﬁaé‘v 1%%@{1%@?@&@%%\%% Palénf "5t her

enmbodi nent s of .t he .i nvent i qQn i ; ki in the
art to whi cfUs HRECTRIPAAL riloct)ﬁn?%ﬂélre % bﬁlég: Ogs;tlge%g%qrrg‘éﬁ?%se}j?eép\ggrvﬁiﬁ?ﬁlioﬁlh% Aﬁig%sipi rit

and scope of riReishyiERtch®0dimbits VYO B/ 49 3thebein hidimddbZ i3 bedtioCllidiBrdthat i s
clainmed is: 1. An apparatus conprising: N transm ssion gates having N
outputs to tappdiad & pedsoas afilldd ipdtetasirtn whithdhiesintentian périags are5legmediotlichased on
an active signal fromN sel ect signals, the N outputs being connected

t oget her 5t o Withimthe pgirif 4ndseonsof PigtingAdCOhavi ng an out put capacitance; and an
anplifier circuit having a gain and coupled to the N transm ssion gates at
the first output to reduce the output capacitance by an anount
approximately equal to the gain, the anplifier circuit generating an

out put signal. 10 2. The apparatus of claim 1l wherein each of the N
transm ssion gates conprises: a first device and a second devi ce coupl ed
together at first and second termnals to provide the first output at the
first termnal and to receive each of the N pattern inputs at the second
termnal, the first and second devices having first and second gates, 15
respectively, the first gate being controlled by one of the N sel ect

si gnal s.

11



3. The apparatus of claim2 wherein each of the N transm ssion gates
further conprises: an inverter connected between the first and second
gates to Woro/osnsi he second device when the first devi cePC3/usar/sesee on by
the one of the N select signals. 20 4. The apparatus of claim3 wherein the
inverter turns off the second device when the first device is turned off
by the one of the N select signals. 5. The apparatus of claim2 wherein the
first and seggggwgevices are p-type and n-type devices, respectively. 6.
The apparatus of claim1 wherein at nost one of the N select signals is 25
active at a tinme. 12 WD 03/034253 PCT/ US02/ 33566 7. The apparatus of claim
6 wherei n at WHasis cRiigedis: the N sel ect signals is active for a period equal
to Tp/N, Tp being a reference clock period. 8. The apparatus of claim1l
wherein the anplifier circuit conprises: an inverter coupled to the first
output to generate t hé bIPRGHIUSSPYRAINE and 5 a feedback transni ssion gate

coupl ed across t he tiansaeisdi@r gated #WiﬂgN%gtpa&sft@ﬂm%fv lone 6B$ b&te?rﬂﬁzﬁuts % a filke an
aratus.of claim@8 wherein t ee transm ssion gate conprises:

ﬁP F ype devi cce)‘%gl?ltc? a%f’%ﬁ’pta? ﬁ‘étlvc?esﬁngleé%ﬁ'ﬁg@?té@ngﬁéﬁ ¢ Noptouts e spapertéddback 10

resistor havkgghawbéﬁﬂhﬁeﬁmtempﬂ?gmmgﬁgaQQMme?@QQM?aiymp agdfg;tﬁgs

devices being in the on state. .10. e ratus of claim

conpri si ng: g sel aé’caln}Pﬁ)l? il g?‘ﬁ?%a gmaﬁ@ﬁ&g@{o 18§ Yienenisyabertes st e tap

si gnal s fr onfist owyutchrednaitbe dep¥apatitfice Banlamouhh@padxnastaly egudio Bt ghi) 10

i . i : .
wherein the ﬁﬁg lar%%hgerr c‘i:rgtﬁp éen%r%ﬁng an output signal.

10 2. The apparatus of claim 1 wherein each of the N transmission gates
comprises:
a first device and a second device coupled together at first and second terminals to
provide the first output at the first terminal and to receive each of the N pattern inputs at
the second terminal, the first and second devices having first and second gates,

15 respectively, the first gate being controlled by one of the N select signals.

3. The apparatus of claim 2 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.

20 4. The apparatus of claim 3 wherein the inverter turns off the second device

when the first device is turned off by the one 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

25  active at a time.

12



N logic circuits connected in cascade to generate at nost one active signal
of the N select signals. 12. A nethod conprising: transferring one of N
pattern iwpwB®34283 a first output based on an active signalPCirrusn/3366 N

sel ect signals using N transm ssion gates having N outputs, the N outputs
being connected together to formthe first output and having an out put
capaci tance; and reducing the output capacitance by an anount

approxi mat el y eayal 1 gy gakf P LA 88T & hiot ool i sehaviigraidibie gai n,

the anplifier circuit generating an output signal. 13. e nethod of claim
12 wher ei n tactivesforp peting! esuplie Te/ds Tr boingd slarechglotiheerioly st out put at the
first termnal; and receiving each of the N pattern inputs at the second

termnal by a first deyice and second device,..the first and second
devi ces hazi ng fi8 %Ha@%‘%ﬁc?%]é%i,"Vhf’@g]ptg%?rf’@éf%%r/,Clr‘E“ﬁtecomﬁ)flf‘egi gat e bei ng

r st
control |l ed by onenaivettbtcoblsetoahié fist gnpltso gchraldhOUtPR 420 d; AT/ US02/ 33566

14. The nethod of claim 13 wherein t ferring. further conprises: turni
on the second devhERIHGFIPRESPY Ee CoHBl cER Y e OB RISIBRE of the N

sel ect si gnaksstagieng an i nverter connected between the first and second
gates. 15. The nethod of claim 14 wherein transferring further conprises: 5
turning off the second device when the first device is turned off by the
one of the N sel%ct Jihgapagatussifnlgin Bevhrgincthe Eaedbagk tramshdssipatgasd of cl ai m 13
wher ei n reced'o\{l{ppigesby the first device and the second device conprises
receiving by p-type and n-type devices, respectively. 17. The net hod of

cl ai m 12 wher ei n anmetipg avideragd & priyneidseise ennpaied fogriheito fepg feelbadkne of the N

sel ect sjgn Lo YT (Y aToTa ) QT n WF-Y fypiRlietdbefiplih MRIWNG at
nost onei(gf aIJteﬁset aglel{glggedbéléqgrﬁ%%}? cbnpr?fsesngtia\g?%gy at nlnsst eo e1 of the N
sel ect signafige.for a period equal to Tp/N, Tp

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.

15 11.  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.

12. A method comprising:
transferring one of N pattern inputs to a first output based on an active signal from
20 N select signals using N transmission gates having N outputs, the N outputs being
connected together to form the first output and having an output capacitance; and
reducing the output capacitance by an amount approximately equal to a gain using

an amplifier circuit having the gain, the amplifier circuit generating an output signal.

13.  The method of claim 12 wherein transferring comprises:
25 providing the first output at the first terminal; and
receiving each of the N pattern inputs at the second terminal by a first device and a
second device, the first and second devices having first and second gates, respectively, the

first gate being controlled by one of the N select signals.
‘ 13



being a reference clock period. 19. The nethod of claim 12 wherein reducing
t he output capacitance 15 conprises: generating the output signal; and
provi di ngwe oBeadbiack resistance by a feedback transm ssi oRCyaiSe2/33366¢ The
met hod of claim 19 wherein providing the feedback resistance conprises: 20
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 dovices beiung irl hfhe@Br cshAt:Suncin iRt ARfaabrphakim 12 1 ur t her

conprising: generating t ect signal s signals froma
synchr onous del ayurnizg omuthﬁesewdaleyéq %‘bftftibe fippdevigeds fyeneA o bbfhe@mapfﬁhz N

wher ei n genegpti %afs%@ la® grﬁlerterl:f]mﬁége@ 84034208 ﬁPﬁﬂ&&%d%ﬁé@ 6 generating

at nost one active signal sel ect signals by Nlogic circuits
connected in cascade. 23. A circuit conprising: a synchronous delay line to
generate N tap siignal The hethes pfmslﬁl Tdowlgerdie trestortiag ﬁlaheriogm@hsesa pat tern

donverters (DT0)  bpeal B wyREn shifrdry it hiesd iy Frei ity

gener at or t seensdgmlsaisig tipibpdater.si gnal fromthe N tap S|gnals the out put

si gnal being synchronized by the N pattern inputs, the DTC conprising: 10 N
transm ssion gates having N outputs to transfer one of the N pattern

inputs to a firstléout ght methoddf daimald wleerdiv eccsivipgdly therforsh davisebralcthe si gnal s,

t he

second device comprises receiving by p-type and n-type devices, respectively.
17.  The method of claim 12 wherein transferring comprises activating at most

10  one of the N select signals at a time.

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 Tp/N, Tp

being a reference clock period.

19.  The method of claim 12 wherein reducing the output capacitance
15 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:
20 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

25 line by a selector.

22.  The method of claim 21 wherein generating comprises:
14



N out puts being connected together to formthe first output and having an
out put capacitance, and an anplifier circuit having a gain and coupled to
the N trawemmB®3i2eh gates 15 at the first output to reduc@CrhsSopsasput
capaci tance by an anount approximately equal to the gain, the anplifier
circuit generating an output signal. 24. The system of claim23 wherein
each of the N trmamaﬁ@ztbmogmneacti\ce(sigualidelsNQ@eo&si’gﬁﬂsﬁyt@lm@i@cﬁ'rcﬂhﬂ a second
devi ce coupl g Blggsrca&t first and second termnals to provide the first
out put at th |rs termnal and to receive each of the N pattern inputs at
the second termnal, the first and second devices having first and second
gates, respectivelyy, tm@;rcflﬁtrcgﬁlplggﬁ being controll ed by one of the N select
signals. 25. The system of clalm 24 wherein each of the N transnission
gates further 25 ¥BFHIPIWEdelaaling tagencrate Ndgnmignalsde raspang orp refeents r st and
second gag essiggt urn 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 turr?spagfm&cﬂ"éa@’éf@(ﬁﬁ@rﬁéﬁﬁgemmﬁ pie first device is turned

of f by the one ofy difigaldd- ﬁ@kaaslhaxﬁlc&mh&(nﬂ;@)mp%%/@a{é%ﬁ?ch?o%?;ﬁst@%/lﬁé%fi 27.

The system of c aim 24 wherein the first and second _devices are’p-type and
n-type devi c&Y the patisragensraioy to generateiqn outputsighalorore fhaiNviep sisate s owtpit ~ most

one of the Nig®ll B&ﬁg@n@lﬁ]‘@ﬁﬁedlﬁltﬁ@f\l'p‘éﬁem%{puﬁ thk PIC dmpfisind:Ne system of claim
28 wheredF the at nost_one of the N select signals is active for a period
n

equal to'fn/N, Tp bei NGTHSMEFGR gtfeehayingdk et Bdransgfer onpieé they\spadisirof cl ai m
23 wherein the anmplifiigutsab b Gkt bute@HAEIdARN active signal from N select signals, the

N outputs being connected together to form the first output and having an

output capacitance, and

an amplifier circuit having a gain and coupled to the N transmission gates
15 at the first output to reduce the output capacitance by an amount

approximately equal to the gain, the amplifier circuit generating an output

signal.

24.  The system of claim 23 wherein each of the N transmission gates
comprises:
20 a first device and a second device coupled together at first and second terminals to
provide the first output at the first terminal and to receive each of the N pattern inputs at
the second terminal, the first and second devices having first and second gates,

respectively, the first gate being controlled by one of the N select signals.

25. The system of claim 24 wherein each of the N transmission gates further
25  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.

15



an inverter coupled to the first output to generate the output signal; and
a feedback transm ssion gate coupled across the inverter to provide a

f eedback wo®sneesst ance. 31. The system of claim 30 wher eiPaTiuse2/83ecback
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.

15 32. The systemol Ghabisorienmhiki BTG id BeindCRIBL 88 oAF! ect or

to generate the N sel ect signals based on the N tap S|gna
synchronous gBIPageyi¢esaesmgativeihe system of claim 32 wherein the selector
conprises: N logic circuits connected in cascade to generate at nost one

i.gnal 16
active signal of t8he l}lhe g)(/)ste%eéte c(falm523 rflere?n at most one of the N select signals is active

at a time.

5 29.  The system of claim 28 wherein the at most one of the N select signals is

active for a period equal to Tp/N, Tp 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

10  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.

15 32.  The system of claim 23 wherein the DTC further comprises:,
a selector to generate the N select signals based on the N tap signals from the

synchronous delay line.
33, The system of claim 32 wherein the selector comprises:

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

20  select signals.
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