1 Tinme delay apparatus The invention relates to a tinme del ay
apparatus. 5 1In wireless transmtter and receiver systens, beam
formng or beam steering may be acconplished by sw tching antenna
el enents or by changing the rel ative phases of the radi o frequency
signals driving the antenna el enents. Current beam form ng or beam
steering nmethods in the anal og domain require 10 phase shifters. An
alternatlvg i S &éfgcqgver5|on to the optical donmain because of the
hi gher reso UTi O 3§1|c§ 'frequenC|es These net hods are often
bul ky and not power efficient. Further, state of the art phase

shifters apgel {midac d andwsdtB. oW e hasts phaga.shitters can be 15
i npl emented using switches to fixed delay transm ssion |ines such as

m crostrips and Monolithic Mcrowave Integrated Circuits (MMCs).
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and cost.

20 A good beam steering performance can be achieved at the
digital domain by using direct digital synthesizexs (DDS) or
even Digital Signal Processors (DSPs). However, this leads to
a high power consumption and a high complexity.and thus to
high cost and is not suitable for mobile applications.

25
In [1], it is described to use an array of DDS coupled to an
array of Digital to Analecg Converters (DACs} for the
generation of phase interpolated signals. Each DDS generates
a digital sine wave signal representing the transmit signal.

30 Each of the digital sine waves generated by the DDS is
characterized by a frequency value and a phase value. Each of
these values is independently controllable by digital control
of the DDS that generates the sine wave. The phase
relationship between each DDS is maintained by the use of a

35 commeon clock signal. A DAC is used to generate an analog
signal is responsive to the digital sine wave signal. This
analog signal is operatively coupled to a corresponding



radi ator elenment. This nmethod requires a nunber of N DDS and DACs for
the generation of N phase interpolated signals. This results in a
demand for a large chip area and high power consunption. 51In [2], a
met hod for interpolating clock signals to generate nulti phase cl ocks
for applications in mcroprocessors is described. Conventionally,
phase | ock | oops (PLLs) and delay |ock |oops (DLLs) and cl ock
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20 the reference clock and outputs the signal as the clock. The
delay circuit has a circuit receiving the clock and including
a series of delay elements in form of a cascade each giving a
delay according to the control signal. Signals output from
the series of delay elements are used as signals constituting

25 the multi-phase clock. This method requires a series of delay
elements and phase interpolation to have an inteqger
relationship with the reference clock.

A time delay apparatus for generating a plurality of phase

30 shifted signals is provided comprising a phase tuner
generating a phase control signal and a phase interpolator
receiving at least one digital signal and generating the
plurality of phase shifted signals by phase shifting the
digital signal according to the phase control signal.

35
Further, a time delay apparatus for generating a plurality of
phase shifted signals is provided comprising a comparator



5 generating the plurality of phase shifted signals by phase shifting
the digital signal according to the phase control signal.
Illustratively, the phase tuner controls a phase control 10 signal
based on which the phase interpolator phase shifts the digital signal
such that a shifted signal is generatedd By perform ng various phase
shifts of the digital signal, for exarrple by phase shifti ng the
digital signal. according tp various nul t| | es .of a hg
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generated.

In contrast to the system described in [2], the time delay
apparatus has the flexibility of wvariable time delay without
20 being tied to a reference clock. No integer relationship with
a reference clock is necessary. Therefore, the time delay
apparatus may be used for beam-steering applications.

In one embodiment, a programmeble time delay apparatus for

25 generating a plurality of phase interpolated signals is
provided comprising an analog to digital converter for
shaping a plurality of parallel signals, a parallel to serial
converter for converting the plurality of parallel signals to
a plurality of serial signals, at least one phase

30 interpolator for phase shifting the plurality of serial
signals in response to a phase control signal to generate a
plurality of phase shifted signals, a phase tuner for
generating the phase control signal, a buffer for buffering
the plurality of phase shifted serial signals, a serial to

35 parallel converter for converting the plurality of phase
shifted serial signals to a plurality of phase shifted



I n one enbodi nent, a transm ssion nmethod is provided wherein 5 each
output fromthe tinme del ay apparatus described above is buffered by
at | east one high-speed buffer to obtain fast rise and/or fast fal
times and is further pul se shaped using at | east one pul se form ng
network. 10 The outputs generated in this way nmay be fed to an array
of antenna for beansteering. A switch nmay be used to sel ect one of

the outputs.andiip sonnact the sel seted oHURUE-d0. aae. of cbhie, Ant epoas
in an ant eRf& array:¥%r gansteeri ng. 15°Tn one enbodi ment . -ae
transm ssi phurel Hid 9% ghadd ¢bd fhedopdrableb sddnglsone of the outputs

of the time del ay apparatus descri bed above and an ext er nal
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above and rssendiat ethsti thalithslinapusndi gmafunifherheulisee stiepag using

apparatus for, maxi num ensr.ay. adi ts of the invention energe
fromthe d%%eﬁﬁ%% %ﬂ%ﬂr%;§%§5°$ﬁgngh§§€w E%Er is for exanple a phase

| ocked | oop. The phase | ocked | oop may conprise a voltage controlled
oscillator_and the voltage input to the volta controlled oscillator
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Alternatively, a DLL (delay | ocked Ioop% may be used as phase 5

t uner . of "the outputs and to connect the selected output to one of

the antennas in an antenna array for beamsteering.

15 1In one embodiment, a transmission method is provided
according to which one of the outputs of the time delay
apparatus described above and an external ultrawideband pulse
signal are selected and both are fed to a mixer or a
multiplier to produce a correlated output for beamsteering at

20 reception.

In another emboidment, a transmission method is provided
according to which an ultrawideband signal is delayed at a
certain pulse repetition interval using the time delay

25 apparatus described above and is correlated with the input

signal of the time delay apparatus for maximum energy.

Embodiments of the invention emerge from the dependent
claims.

30
The phase tuner is for example a phase locked loop. The phase
locked loop may comprise a voltage controlled oscillator and
the voltage input to the voltage controlled oscillator for
controlling the frequency of the oscillation output by the



I n one enbodi nent, the voltage controlled oscillator generates a
first clock signal and the phase | ocked | oop further conprises a
recei ving neans for receiving a second 10 clock signal, a phase
conparator for conparing the phase difference between the first clock
signal and the second clock signal to ptoduce a digital error signal
a charge punp for converting the digital error signal to an anal og
error signal,,a |low pass . filter . for filtering .the analog error 15
signal to %?%Eﬁ%% R ﬁﬁ%%ﬁg €5ﬁﬁﬁgﬁt8fg%%¥,b rﬁ?%aéh%ﬁfu ﬁgﬁraﬁvider
for dividiaggnak. first clock signal. The digital error signal is for
exanple a digital error pul se signal. The analog error signal is
for exanple.an anal og 20 erraor curreni. I n . one enbodi nent, the phase
control siQhafrRPetyFives & Difraddedpyr Lreked LanPh mayphss&sgfs A8 BRRES
is prodranmbée. by setting a factor by which the frequency divider
divides the 25 first clock signal. The tine delay apparatus may
further conprise a buffer for buffering the plurality of phase
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for converting the digital error signal to an analog error
signal, a low pass filter for filtering the analog error
15 signal to produce the phase control signal, and a frequency

divider for dividing the first clock signal.

The digital error signal is for example a digital error pulse
signal. The analog error signal is for example an analog

20 error current.

In one embodiment, the phase control signal specifies a phase

difference and the phase difference is programmable by

setting a factor by which the frequency divider divides the
25 first clock signal.

The time delay apparatus may further comprise a buffer for
buffering the plurality of phase shifted signals.

30 In one embodiment, the time delay apparatus further comprises
& comparator receiving at least one wave signal and
generating the at least one digital signal by shaping the at

least one wave signal.

35 The comparator is for example an analog to digital converter.



5 phase difference. In one enbodinent, the digital signal is random
(arbitrary). It may for exanple be generated pseudo-randomy.
Simlar, the wave signal nay be random (arbitrary) and nay be
generated 10 pseudo-randomy. Illustrative enbodi nents of the
invention are explained belowwith refesence to the draw ngs. 15
Figure 1 shows a transmtter according to an enbodi nent of the

i nvention. re 2 shows_a plurality of sjignals accordi
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i nvention %Jre stem JZrocesm ng system accord to an
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accor disng pita s dEiredienent. of the invention. Figure 7 shows a tine
del ay apparatus according to an enbodi ment of the invention. 7 Fig.1

shows a transmtter 100 accordlng to an enbodi mrent of the invention.
In one embodiment, the digital signal is random (arbitrary).

It may for example be generated pseudo-randomly. Similar, the
wave signal may be random (arbitrary) and may be generated
10 pseudo-randomly.

Illustrative embodiments of the invention are explained below
with reference to the drawings.

15 Figure 1 shows a transmitter according to an embodiment of

the invention.

Figure 2 shows a plurality of signals according to an

embodiment of the invention.

20
Figure 3 shows a time delay apparatus according to an
embodiment of the invention.
Figure 4 shows a first pulse forming network according to an
25 embodiment of the invention.

Figure 5 shows a system processing system according to an

embodiment of the invention.

30 Figure 6 shows a time delay system according to an embodiment

of the invention.

Figure 7 shows a time delay apparatus according to an

embodiment of the invention.

35



The transmitter conprises a variable tine delay apparatus 101 5 which
conprises a clock generator 102 and a phase interpol ated del ay

el emrent 103. The cl ock generator 102 receives as input a reference

cl ock signal 104 and a phase sel ect signal 105 and generates a
control signal 106 which is fed to the phase interpol ated del ay

el ement 103. 10 In addition to the control signal 106, the phase
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i npl enented 'as shown in shows a tine d gparatus 300

accor rm)Q§?%£?t§ﬁb8dpﬁﬁﬁﬁngytﬁ% ?qﬂﬁﬁu%Q%ftEd Signals’ 168 whicn are

each fed into a pulse forming network 109.

The pulse forming networks 109 generate radio pulses which
are fed to an antenna array 110. Based on the generated radio

20 pulses, beam forming and/or beam steering is performed.

The plurality of phase shifted signals 108 according to one
embodiment of the invention is illustrated in Fig.2.

25 Fig.2 shows a plurality of signals 200 according to an
embodiment of the invention.

The plurality of signals 200 consists of N signals 201 which
are denoted by Fl, F2, .., FN. Every two of the signals 201

30 are phase shifted by a phase shift 202 denoted by APh. This
means that F2 is phase shifted with respect to Fl by APh, F3
is phase shifted with respect to F2 by APh and so on. FN is
phase shifted with respect to FN-1 by APh. This means that FN
is phase shifted by N-1 times APh with respect to Fl.

35
In one embodiment, the signals 201 are pseudo-random pulse
signals (or pseudo-random digital signals).



10 The output of the tinme delay apparatus 300 is a plurality of
signals 301 corresponding to the plurality of signals 200 denoted by
FI to FN. The size of the phase shift APh of the plurality of signals
15 301 as expl ained above with reference to fig.2 is defined by a
plurality of input bits 302, denoted by8Y. By setting the plurality
of input bits 302 the tinme delay apparatus 300 may be programmed such
that the phase shift APh has a certain value, for exanple to a phase
shift between 100psec and 20 500psec. The plurality of input bits 302
may for ex@dsmplentpongdiahane  r theestanats P lofmayhber esukbringd phase
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interprets the plurality of input bits 302 and provides a
correspondi ng control signal 311 to a phase | ocked | oop (PLL) 304. In
addi tion tIrIhe LGS & TLMEndPLRY 12PRHA RSO0 GERREAEBBPEP e®Ri ves a
ref erence entaekinsirgnalf 368 fdeantbsh by MCLK) as input which
corresponds to the reference clock signal 104 shown in fig.l. 9
filter 309 and a voltage controlled oscillator 310. The phase | ocked
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by the co%ﬁ?ﬁﬁxg{gﬁhﬁq3%f.b he phase frequency detector 307 conpares

t he phases between the output of the frequency divider 306 and the
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phaselglff§HfHE%Eexplained above with reference to fig.2 is defined by
a plurality of input bits 302, denoted by Y. By setting the
plurality of input bits 302 the time delay apparatus 300 may
be programmed such that the phase shift APh has a certain
value, for example to a phase shift between 100psec and

20 500psec. The plurality of input bits 302 may for example be a

binary representation of the resulting phase shift. In this
way, the time delay apparatus 300 is digitally programmable
for a desired phase shift. The plurality of the input bits

302 correspond to the phase select signal 105 shown in fig.l.

25
The plurality of input bits 302 is fed into a control logic
303 which interprets the plurality of input bits 302 and
provides a corresponding control signal 311 to a phase lecked
loeop (PLL) 304.

30
In addition to the control signal 311, the phase locked loop
receives a reference clock signal 305 (denoted by MCLK) as
input which corresponds to the reference clock signal 104
shown in fig.1.

35

The phase locked loop 304 comprises a frequency divider 306,
a phase frequency detector 307, a charge pump 308, a low-pass



to the charge punp 308. The charge punp 308 converts the (digital)
out put signal of the phase frequency detector 307 to a (anal 0g)

vol tage responsive to the phase difference which is fed into the

| ow- pass filter 309. The |l ow pass 15 filter 309 outputs the

| ow-frequency conponent of the input vi®®tage to the voltage
controlled oscillator 310. The output of the |lowpass filter 309 is
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i nt er gol at bFLigenetda é’éltipﬁéspf:ﬁ?ai?‘t’y HIBRPUCTPFRERS gélthefhj%%uqray
be bufferedobyage huf frére IbTthoe obftrdlledirdsdiigd acapablbitTes. oltpune

erbodi Ment o Mgy e caRged AuLEeago AL bined 40, ADLAI Bofesky T se:

fall times_1n ad r|V|ng ca 'Tties. An exanple
of a siml &ed-SysrARsspaatrreat#b®r i 31 3ummari zed bel ow. In one
enbodi ment,, the phase interpolator 313 is inplenented

20 The control voltage 312 contains phase shift information
corresponding to the result of the phase comparison performed
by the phase frequency detector 307. The control voltage 312
corresponds to the control signal 106.

25 The time delay apparatus 300 further comprises a comparator
314. The comparator compares a pulse signal 315 to a
reference signal 316. By comparing the pulse signal 315 with
the reference signal 316, which is in one embodiment chosen
constant, the comparator generates a digital signal 318 (for

30 example square-like or rectangular-like) which corresponds to
the signal denoted by Fl. Illustratively, the comparator
shapes up the pseudce-random pulse signal 315 to a square
wave. The pulse signal 315 is in one embodiment pseudo-
random.

35



20 by a plurality of phase interpolators, each generating one of the
out put signals of the plurality of output signals by phase shifting
the digital signal 318. The phase interpolator 313 is in one

enbodi ment a nodified 25 version of the voltage controlled oscillator
310. Illustratively, the voltage controlted oscillator 310 is a

cl osed | oop. The phase interpol ator 313 gives an open | oop response.

30 | mbodi ent., the ti l t em.300 .has the fol [ ow
Sochni car TRArSHA TS (Il 208348 PRRPRELSS e Bbee SHESTr PEROeREyee
(i.e. frequemayhase tinckesr dbepeRbé &6 ozkiesdjmatk 3951 epy ovkdedshyea

crystal osghdi aliire RRASE nIRGRT gfPR: T URADLE Jérfé?a]t%%p%ﬁﬁsteosﬁ@;@\?s@ﬁh.
11 phase resol ution: 100psec I nput (as pul se signal 315)

singl e ended waveform 5 anplitude: OV to 1V Maxi mum frequency 25MHiz
5 Every programming of the phase shift (by setting the

plurality of input bits) requires the phase locked loop 304
to re-acquire lock. In one embodiment the worst case lock
time for the phase locked loop 304 (from power up} is
50usecs.
10
Using the phase shift information embedded into the control
voltage 312, the phase interxrpolator generates the plurality
of output signals 301. These may be buffered by a buffer 317
for off-chip driving capabilities. In one embodiment, high-
15 speed buffers are used to obtain fast rise and fall times in
addition to off-chip driving capabilities. An example of a
simulated system specification is summarized bhelow.

In one embodiment, the phase interpolator 313 is implemented

20 by a plurality of phase interpolators, each generating one of
the output signals of the plurality of output signals by
phase shifting the digital signal 318.

The phase interpolator 313 is in one embodiment a modified

25 wersion of the voltage controlled oscillator 310.
Illustratively, the voltage contrclled oscillator 310 is a
closed loop. The phase interpolator 313 gives an open loop
response.

30 In c¢one embodiment, the time delay system 300 has the
following technical characteristics.

Phase tuning
¢ 10MHz reference frequency {(i.e. frequency of the
35 reference clock signal 305) provided by a crystal
oscillator
» phase shift APh tunable from 100psec to 500psec



Qut put N out puts with constant phase change aPh (as
explained 10with reference to fig.2) Qutput signal swng OV to 1V
with 50 Chmterm nation Typi cal specification risetine
trise=60psec, falltinme 15tfall=36psec, anplitude DV to 969nV Wth
this characteristics, the tinme delay syktem 300 is capabl e of
generating pulses with fast risetine and/or fast falltine for beam

form ng or bga eer.jing. art} , 20 the plurality of signals
301 may be use(rIBrf%)sre u]%etn“’%éu\l}:\jqag'bgplgg%%) beam form ng or beam
steering. UWB is typically defined as a m ni mum of 20% of the

bandwi dth pfp@ |£29u1RR0Mgna1 3157he application of the transmtter
100 shown in fi ..1lto 25 ultra %/ide band is illustrated by fig.4.
Fig.4 shows & fIr§AES A¥FAG Ret wor k 400 according to an

enbodi ent of tdmpliinvele:i OV. t801The pul se form ng network 400

corresponds {0 \@ne 0fn (Hephee boPLng networks 109 shown in fig. 1.
One signal of the plurality of "signals 301 generated by the tine

del ay system 300 is used as input signal 401 to the first pul se
form ng nevwopk: 400. 12

e N outputs with constant phase change APh (as explained
10 with reference to fig.2)

Qutput signal swing
e 0OV to 1V with 50 Ohm termination
e Typical specification risetime trise=60psec, falltime
15 tfall=36psec, amplitude 0V to 96%9mV

With this characteristics, the time delay system 300 is
capable of generating pulses with fast risetime and/or fast
falltime for beam forming or beam steering. In particular,

20 the plurality of signals 301 may be used for ultra wide band
(UWB) beam forming or beam steering. UWB is typically defined
as a minimum of 20% of the bandwidth or at least 500MHz.

The application of the transmitter 100 shown in fig.1l to
25 ultra wide band is illustrated by fig.4.

Fig.4 shows a first pulse forming network 400 according to an
embodiment of the invention.

30 The pulse forming network 400 corresponds to one of the pulse
forming networks 109 shown in fig.l. One signal cf the
plurality of signals 301 generated by the time delay system
300 is used as input signal 401 to the first pulse forming
network 400.

35



The risetinme, which is for exanple 60psec, is used by the pul se
form ng network, which for exanple perforns a differentiation, to
produce one or nore UB pulses. 5 Switches with two ports nay be
provi ded between the outputs of the pulse form ng networks 109 and
the antenna array 110 such that only ori& of the UWB pul ses out put
froma pulse formng network 109 is selected and connected to only
one of th t | e of _t x.110.tQ ot her
10 beanstggg?ﬁgggﬁﬁ%e’ngﬂaéh £SI%?‘%I %&ﬂ%:%@ Céuﬁssys% ﬁ%§ be
used to stribksey ﬂ@éfamnasnﬁgwar}s} u¥lad ¢h yglqﬁ eman’@l@epgyéormﬁ altra

wi deband radare repR@iAki0nS, bl prSdhd@Wricar R reonwsobulbesti ne del ay
of high-speed radio pulses for 15 correlation. An exanple for such an
application of a variable tinme delay systemin a receiver is shown in
fig.5. SFi givhlizthess wd thy Senppris gesy g rstveEeS0bedveonding ¢dwtmnts
embodi mento Ofe fh 1 BLCRbiAlng 2o e IR OGRS Shid0 RXSLATLAN0 JBYa P ATt

of a receiver nErlses a first _time _delay nod
second ti n%‘%l%tnﬁﬂ Ve©oBp20t THae fiHE PUlishs d’é‘[t%}tr’rﬁaaﬁﬂea SI?Hl%end t he
second ti ndnay neadolkk 502 s eseliddterenind cofnthectli 08 &blyedmy of

appar at us t%OeO Q%ma %l%{n&aésl S'ftﬂ?é atrp:%xﬁ [EG8i, ? 319! 8%03\!}4{" gn:i‘él}er

del ayed, i.¢e ase S flrs tinme ela no

and alplrmbeﬁF%Qﬁﬂaéﬁﬁ ﬁPﬁESEéF@V #bdﬁﬂéﬁllﬁésGécﬁﬁ@é?ysugﬂsﬂ$ﬁ?mﬁlmﬁy
tinme del aypdmadidee t204ta8d 4 NeesRCdIthd a7 18013y tF0dEl €182 amy e

programmabl e to set the introduced phase shifts, i.e. to set the
times Tl and T2, in a simlar way as the tine delay appar at us 300.
13 Tn ultra wideband radar operations, it is important to

control the time delay of high-speed radio pulses for
15 correlation. An example for such an application of a variable
time delay system in a receiver is shown in fig.5.

Fig.5 shows a system processing system 500 according to an
embodiment of the invention.
20
The processing system 500 may be part of a receiver and
comprises a first time delay module 501 and a second time
delay module 502. The first time delay module 501 and the
second time delay module 502 are different from the time
25 delay apparatus 300 shown in fig.3 in that they receive a
signal which is delayed, i.e. phase shifted, by a time T1
(first time delay module} and a time TZ (second time delay
module), respectively.

30 The first time delay module 501 and the second time delay
module 502 may be programmable to set the introduced phase
shifts, i.e. to set the times Tl and T2, in a similar way as
the time delay apparatus 300.

35 A received signal 503 is divided by a divider 504 and fed
into the first time delay module 502, a first multiplier {(or



m xer) 505, the second tinme delay nodul e 502 and a second multiplier
(or mxer) 506. The received signal is delayed by the tinme Ti by the
first 5 time delay nodul e 501 and the del ayed received signal is then
correlated with the (original) received signal 503 by the first

mul tiplier 505 to maxi m ze the correl atléd out put energy. 10 Furt her,
the received signal is delayed by the tine T2 by the second tine
del ay nodul.e 502 d e del a d rece ed S| I the correl ated
W th the or|98n§%$ recglegaoéﬁgna cﬁgﬁseég%d n%l?lﬁflef}506
The tinme TRilidpldsantiort péxerheSYel ay reqU|red to correlate the
received signal 503 for 15 nHX|nun1energy when the position of a

novi ng tar i s tracked The o e first_ nmultiplier 505
Tnd the. oalnd e iER Sebnabetara RtEY o W AABPogt obY o (LTSt
process$i ngiz@ deileySevduThebdhvand i e idelayeo appkicat| eigmabtiswerthen
types O coppui;¢aly Qz@éﬁrtﬁéd%r &ﬂaﬁ@s di%n%l%&aghgﬁ Bd)émof'

operations_are require In one e og to d|g|tal
convert er HIABE) TS tdRddeFn3Peate drat e 2o ibsEr eeéreéine@oolg% ate

i nput di gidmlrgsi.gnals. This is illustrated in fig.6. 30 Fig.6 shows a
time delay system 600 according to an embodi ment of the invention.

The tinme delay system600 is sinmlar to the tinme delay system 300
shown1Pn fRuytderthéhei gecdévey siaimic0Gedanpsei bEsthe 36iphabe By dlked

| oop 604 apEcadCeIleokel8gifo89B: B driwe tmeﬁageal pBgdited asidrhe
phase | ocked | oop 304 g he, dentrol | agi.c %93 as des ribped aQﬂ%F
Wi th refeﬁéhg ePocPFée ate with the (origina recelve 51gnal
the second multlpller 506. The time T2 represents the time
delay required to corrxelate the received signal 503 for
15 maximum energy when the position of a moving target is

tracked.

The output of the first multiplier 505 and the second
multiplier 506 are fed into an analog or digital processing
20 unit 507.

The invention is also applicable to other types of
communication or radar systems shere variable time delay
operations are reguired.

25 ,
In one embodiment, an analog to digital converter (ADC) is
used instead of the comparator 314 to generate input digital
signals. This is illustrated in fig.®6.

30 Fig.6 shows a time delay system 600 according to an
embodiment of the invention.

The time delay system 600 is similar to the time delay system
300 shown in fig.3. The time delay system 600 comprises a

35 phase locked loop 604 and a control logic 603 with the same
functionality as the phase locked loop 304 and the control
logic 303 as described above with reference to fig.3. In



14 particular, the phase | ocked | oop generates a control voltage 612.
Simlar to the tinme delay system 300, the tinme delay system5 600
receives a pul se signal 615 and a reference signal 616 as input.
However, the pul se signal 615 and the reference signal 616 are not
conpared, but the pulse signal 615 is converted fromanalog to
digital by an analog to digital converter 614. According to the

conversion_ of_th ul signal 615, e 10 analog to_diqital
converter REA dt ?g‘eap Fﬁ?af??l§e(§)f ocﬁpgigteg'lerﬁ%ﬁﬁaﬁsCgﬁér%Jac‘ﬁOltage
digital si@¥al 618 corresponding to one bit of the output of the
analog to digital converter 614. Simlar to the digital signal 318
shown in Fig.3, each 15 digital_ signal 618 is ggse_shifted by a

e :

phase i nt etifdtitortside: 51generiee SYHhan 4%y t hRecdehry (Ryptem
out put 5si gl cafdlives a phleh pigmal 45 endlaaserehehtedsbghpltels as
signal s 60, y uf e C e ndi_ng f The
phase inté%ggﬁﬁtg??%%fg’a%ﬁédg??%%a?ﬂgﬁgﬁﬁggp%gget?%i}gf?n%§$%n.|%ﬁ$l
from the coHt rasie VeIt &gErered, 2BuThihg v sfelsdgrappitat 48 PV eRELDe
nodi fied byrdsidhlagoabaklghthDd-seridlaapeeniediandher cénverter 614.
serial -to- arahyelcgpv ter _as show@ i _%%9.7. S.th 76?€owﬁ?a tinme
del ay app HUSHG0 “Sc ?dfzﬁav?]{)s‘}é € o&u&‘éﬁt of Pﬁe vents on.
The tilRe dwlabogyst eihgi0eli sogvarter ¢l tdemetriamesdel rRyusgsiem 7O
shown in fdiy6 5178 ghia8 @_@baaaéw%ﬁ%ﬁtt?ago SYFRNI 888 BoPPasSSoh@GE Lo

| oop 704 an ntrol logic 703_w
oop 704 a G0 %r%he 8gtgut0§f tﬁe anéié%agg digital converter 614.

one bit o
Similar to the digital signal 318 shown in Fig.3, each

15 digital signal 618 is phase shifted by a phase interpolator
619 to generate a plurality of phase shifted output signals
601.

Each plurality of phase shifted output signals 601 may be
20 buffered by a corresponding buffer 620.

The phase interpolators %19 all derive the same phase shift
information from the control voltage 612.

25 The time delay apparatus 300 may be modified by using a
parallel-to-serial converter and/or a serial-to-parallel-

converter as shown in fig.7.

Fig.7 shows z time delay apparatus 700 according to an

30 embodiment of the invention.

The time delay system 700 is similar to the time delay system
700 shown in fig.6. The time delay system 700 comprises a
phase locked loop 704 and a control logic 703 with the same

35 functiocnality as the phase locked loop 304 and the control
logic 303 described above with reference to fig.3. In



35 functionality as the phase | ocked | oop 304 and the control |ogic
303 descri bed above with reference to fig.3. In 15 particular, the
phase | ocked | oop generates a control voltage 712. As the tinme del ay
apparatus 600, the tine delay apparatus 700 5 conprises an analog to
digital converter 714 adapted to converi5a pul se signal 715 using a
reference signal 716. The output of the analog to digital converter

714 i s converted a parall el o0 serial converter 718 to,a seri
C e of BT E BhaSeol bRt Ll qa S e constelrTaftage
stream of 102bits is phase shifted by a phase interpolator 713 using

the control voltage 712 to generate a plurality of output signals 701
as it is done with the digital signal 318 hy the phase interpol ator

713 shown P% ¥y Bimsgidalayr appazpbye, 09he PiartEme fede YoaPRaratignale
701 mays bechmwbfesed Dy amahuhf e Abdifal Tdenwatitpiyt 704 kheppbdaseo

i nt er pol at i t fr i t rall b

serial to %%?‘zg%ﬁelaséglnl\s/%r %gg}é%ﬁgﬁh%gﬁﬁgjt&!o er'?ehe sgr‘?lgglfaltzlg' The
paral | el comvert @f ithe agalogotef di gl ez hotaresr tADC 734t pat sonTaeked by
outputs may perdufdend yeiriglacbiféetearTay 204 fRriaff seReBmdsf Vib s

capabili ti eg; o\ 10, M3, 90GUNENG: oL he, fol o N Ul at i ops 2t e
10 Dbits is phase shifted by a phase interpolator 713 using the
control voltage 712 to generate a plurality of output signals
701 as it is done with the digital signal 318 by the phase
interpolator 713 shown in fig.3. Similar to above, the
plurality of output signals 701 may be buffered by a buffer

15 717.

The output of the phase interpolator 713 is also converted
from serial to parallel by a serial to parallel converter
719. The output of the serial to parallel converter is a set
20 of interpolated ADC cutputs. These outputs may be buifferd
using a buffer array 720 for off-chip driving capabilities.



[1] US 5,943,010 5[2] US 6,794,912 17 Clainms 1. Atine delay
apparatus for generating a plurality of phase shifted signals
conpri si ng: a phase | ocked | oop generating a phase control
signal, the phase | ocked | oop conprising a voltage
controlled oscillator that generates a Ié¢rst clock signal;

a frequency divider for dividing the first clock signal

recei ving s.fo receiving a.s ond cl
a phase coﬂ%gﬁéﬁ%n Yo" %ﬂgﬁpgﬂ?ngogfp %$% e rﬁ? Sbggﬁegﬁtgﬁ out put

of the frequency divider and the second cl ock signal to produce the

phase contp] 4 anajgs,\wherei n: t he phase control signal
specifies the phase di'ff er ence, the phase difference is
programuabl e by setting a factor by which the frequency divider

di vided thg27iuste cldclelgi gnal, and t he vol t age
controll ed oscillator receives the phase control signal for
controlling a frequency of the first clock signal; and a phase

interpolator receiving at | east one digital signal and generating the
plurality of phase shifted signals by phase shifting the digital
signal according to the phase control signal



2. The tine delay apparatus according to claim1, wherein the phase
| ocked | oop further conprises: a charge punp for converting a
digital error signal produced by the]phase conparator to an anal og
error signal; and a low pass filter for filtering the anal og
error siggfgikg produce the phase control signal. 3. The tinme del ay
apparatus according to claim2, wherein the digital error signal is a
digital error pulse signal. 4. The tine delay apparatus according to
claim 2, wherefnttRg dRapBg2BPRERLEFgRAF PENaRahABFo0g ei%@léwr@%t.
5. The tipRBagel a1 hppdr &L 0B2AEc6PBEPHESLBIEl ai m 3, wherein the anal og
error signal i8& Bhaafnalogkedr bpopugerarating aephFhe cpnerdél ay
appar at ussaguak di higet phabai hotkeflutober cobppissngg a buffer for
buffering the plurahitglokgphasatsbhilitedostyhabsor ThaTheeheretdel ay
appar at usaactosti agotk shghall further conprising a conparator
receiving at |east gnerwguMensiygnaliasd gepeaatiadnghenat rieast one
digital sippgak Hygshaping the at |east one wave signal. 8. The tine
del ay apparatus accpedingihg £bghy Eorw@éegi?iﬁeeacegpaﬁat gioLg an
analog to gégﬁiglaﬁgnverter. 9. The tine del ay apparatus according
to cIain1i, erern eSﬁQSQhQSS §Pi£%gd ng % g;iﬁheaplﬁgality of
phase shiftgg siﬁnafg ts gener% eE { eﬁﬁ ase’in erg% ar or by Rgase
shifting ¢h %F@'gal % é@ P,ﬁBc?P Pﬂé ? Pt g?%BGB? tﬂévb§§§ea
di fferenck® $8CORACLPHE FLPEF ! apPaPEPULCACERR dPRGSEoCONEF A 1,
wher ei n tﬁ%gﬁ?bftallsignal is random 11. The tinme del ay apparatus
according to cYRgReIN:wherein the digital signal is pseudo-randoniy
generated. 12. A tihe pkhray apphratusigorlgepecafing ohel phasety of
phase shiditfeségnal s conpri sing:
the phase difference is programmable by setting
a factor by which the frequency divider divides the first
clock signal, and
the voltage controlled oscillator receives the
phase control signal for controlling a frequency of the
first clock signal; and
a phase interpolator receiving at least one digital
signal and generating the plurality of phase shifted
signals by phase shifting the digital signal according to
the phase contreol signal.

2. The time delay apparatus according to claim 1,
wherein the phase locked loop further comprises:

a charge pump for converting a digital error signal
produced by the phase comparator to an analog error
signal; and

a low pass filter for filtering the analog error
signal to produce the phase control signal.

3. The time delay apparatus according to claim 2,
wherein the digital error signal is a digital error pulse
signal.

4. The time delay apparatus according to claim 2,
wherein the analog error signal is an analog error
current.

5. The time delay apparatus according to claim 3,

wherein the analog error signal is an analcg error
current.



a conparator receiving at | east one wave signal and generating at
| east one digital signal by shaping the at |east one wave signal;
a phase | ocked | oop generating a pha control signal, the phase
| ocked | oop conpri sing a voltage controlled oscillator
that generates a first clock signal; a frequency divider
for dividing the first clock signal; ) receivi ng_neans for
receivin96agseEBﬁdtéW%gﬁ?g?énﬁpgaﬁﬁEus according HopplheéMcdnpar at or
for conpafPRENETpRAERTYFLREr dnkRiberwEer RHLEGEHDE ghetHéUFggaﬁéncy
di vi der aff PhessegbhftefoskyBaghal to produce the phase control
si gnal ; wherein: t he phase control signal specifies the
phase difVerenteg time delay apberphaseadibtdirgceci slpimgitammabl e by
setting affiacher bymphisbnyhe toepueacyrdrecderidgvidesebbe bhest
clock signate 8pgnal9and generatinghehwohtageasenbnel bediescill ator
receives shgnphase spapinl sh8nat 18hsE0BhEOKEVBIs@ghkequency of the
first clock signal; and a phase interpolator receiving the at
| east onegdi gi ¢l sigoaled f gf gJ&QE{nga&Bsr Lygalbt ¥ 98, phase
shi Tt ed sLQ0BL$, \Yh?ﬂégrﬁpg £s ﬁgst' § 9}191gaptaégﬂahtgfcga%ggtteg.the
phase control signa

9. The time delay apparatus according to claim 1,

wherein each phase shifted signal of the plurality of

phase shifted signals is generated by the phase

interpolator by phase shifting the digital signal

according to multiples of the phase difference,

10. The time delay apparatus according to claim 1,
wherein the digital signal is random.

11. The time delay apparatus according to claim 1,
wherein the digital signal is pseudo-randomly generated.

12. A time delay apparatus for generating a plurality of
phase shifted signals comprising:

a comparator receiving at least one wave signal and
generating at least one digital signal by shaping the at
least one wave signal;

a phase locked loop generating a phase control
signal, the phase locked loop comprising

a voltage controlled oscillator that generates
a first clock signal;

a frequency divider for dividing the first
clock signal;

receiving means for receiving a second clock
signal; and

a phase comparator for comparing a phase
difference between an output of the frequency divider and
the second clock signal to produce the phase control
signal;

wherein:

the phase control signal specifies the phase
difference,

the phase difference is programmable by setting
a factor by which the frequency divider divides the first
clock signal, and
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the voltage controlled oscillator receives the
phase control signal for controlling a frequency of the
first clock signal; and
a phase interpolator receiving the at least one
digital signal and generating the plurality of phase
shifted signals by phase shifting the digital signal
according to the phase control signal.



