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 nay be acconplished by sw tching antenna
el enents or by changing the relative phases of the radio frequency
signals driving the antenna el enments. Current beam form ng or beam
steering nethods in the anal og domain require 10 phase shifters. An
al t er nat | T&nesdehayY cBPRaF3FEBR to the optical domain because of the
hi gher resolution at optical frequencies. These nmethods are often
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efficient. Further, state of the art phase shifters are
limited in bandwidth. Wide band phase shifters can be
15 implemented using switches to fixed delay transmission lines
such as microstrips and Monolithic Microwave Integrated
Circuits (MMICs). However, this comes at the expense of size

and cost.

20 A good beam steering performance can be achieved at the
digital domain by using direct digital synthesizers (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 i1s described to use an array of DDS coupled to an
array of Digital to Analog 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 1s 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 common 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



t hese values is independently controllable by digital control of the
DDS that generates the sine wave. The phase rel ati onshi p between each
DDS is maintained by the use of a 35 comon clock signal. A DACis
used to generate an analog signal is responsive to the digital sine
wave signal. This analog signal is operatively coupled to a
corresponding 2 radiator elenment. This nmethod requires a nunber of N
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generate nulti-phased clocks for mcroprocessor applications. In
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with a reference clock. A control signal is generated that is
15 responsive to the phase difference between the reference
clock and the generated clock. A delay circuit is used for
generating a multi-phase clock based on the clock and the
control signal. The clock generator generates a signal having
a freguency egual to an integral multiple of the freguency of
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 integer

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



del ay according to the control signal. Signals output from the
series of delay elenents are used as signals constituting 25 the
mul ti-phase clock. This nethod requires a series of delay elenents
and phase interpolation to have an integer relationship with the
reference clock. A tinme delay apparatus for generating a plurality of
phase 30 shifted signals is provided conprising a phase tuner
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generati ng plurality of phase shifted signals by phase shifting
the digital signal according to the phase control signal.
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various multiples of a phase difference specified by the
15 phase control signal, a plurality of phase shifted signals is

generated.

In contrast to the system described in [2], the time delay
apparatus has the flexibility of variable 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 programmable time delay apparatus for

25 generating a plurality of phase interpolated signals is
provided comprising an analeg 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



generated. In contrast to the systemdescribed in [2], the tine delay
apparatus has the flexibility of variable time delay w thout 20
being tied to a reference clock. No integer relationship with a
reference clock is necessary. Therefores the tinme delay apparatus
may be used for beam steering applications I n one enbodi nent, a
progranmabl e tinme del ay apparatus for enerating a plurallty of
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the antennas in an antenna array for beamsteering.

15 In 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 locop. 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



of the outputs and to connect the selected output to one of the
antennas in an antenna array for beansteering. 15 In one enbodi nent,
a transm ssion nethod is provided according to which one of the
outputs of the time delay apparatus descri bed above and an external
ul trawi deband pul se signal are selected and both are fed to a m xer
or a nultiﬁlier to produce a correlated output for beansteering at
20 recept7ohtagn apdthekledbesahbhiton 12BN SBF oRh#de heemtsot

provi ded sagg@rding to which an ultraw deband signal is delayed at a
certain pulse repetition interval using the tinme delay 25 apparatus
descri bed above and is correlated with the input signal of the tine
del ay apparatusat dvebpxi saubLBnedgyzy Enbboeld nbows) ahay hieei nyedt aonphase
emer ge, fr g1épe dependent clainms. 30 The phase tuner is for exanple
a phase | c?ed'loop. The phase |ocked | oop may conprise a voltage
controlled oscillator and the voltage input to the voltage
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clock signal to produce a digital error signal, a charge pump
for converting the digital error signal to an analog error
signal, a low pass filter for filtering the analcg 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
a 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.



di fference between the first clock signal and the second clock
signal to produce a digital error signal, a charge punp for
converting the digital error signal to an analog error signal, a |ow
pass filter for filtering the anal og ergor 15 signal to produce the
phase control signal, and a frequency divider for dividing the first
clock signal. The digital error signal is for exanple a digital error
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with reference to the drawings.

15 Figure 1 shows a transmitter according to an embodiment of

the inventiocn.

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



10 pseudo-randomy. Illustrative enbodi nents of the invention are
expl ai ned below wth reference to the drawings. 15 Figure 1 shows a
transmtter according to an enbodi nent of the invention. Figure 2
shows a plurality of signals according to an enbodi ment of the
invention. 20 Figure 3 shows a tinme delay apparatus according to an
enbodi nent  of_ the invention. Figure 4 shows a first pulse formng
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shows a syisd erRpeEessi ng system according to an enbodi nent of the
invention. 30 Figure 6 shows a tinme delay system according to an
enbodi nrent of the invention. Figure 7 shows a tine del ay apparatus
accor di ngrite tamnsnbock mendmmf i 4de d nueantalore 35ng ddHiay lgfwowstes 101
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cl ock S|gnal 104 and a phase select signal 105 and generates a
control sigRat 15()“63%111 c]kpf? $ng ébert%racq‘?e‘s PhfE G i brpd it led Gl vdii ch is
el ement 1034 dd the phase interpolated delay element 103.

10
In addition to the control signal 106, the phase interpolated
delay element 103 receives an input pulse signal 107 as input
which is variable (and may for example be a pseudo-random
digital signal). The phase interpolated delay element 103

15 generates a plurality of phase shifted signals 108 which are

each fed into a pulse forming network 109.

The pulse forming networks 109 generate radioc 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.Z2.

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

empodiment of the invention.

The plurality of signals 200 consists of N signals 201 which
are denoted by F1l, 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 F1 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 FI.

35
In one embodiment, the signals 201 are pseudo-random pulse

signals (or pseudo-random digital signals).



In addition to the control signal 106, the phase interpolated delay
el ement 103 receives an input pulse signal 107 as input which is
vari able (and nay for exanple be a pseudo-random digital signal).
The phase interpol ated delay el enent 138 15 generates a plurality of
phase shifted signals 108 which are each fed into a pul se formng
network 109. The pul se form ng networks 109 generate radi o pul ses
which are fed to an antenna array 110. Based on the generated radio
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Fig.3 sh ay apparatus 300 according to an

The size of the phase shift APh of the plurality of signals

15 301 as explained above with reference to fig.2 is defined by
a plurality of input bits 302, dencted 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 30Z 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.1l.

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 locked
loop (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.l.

35

The phase locked loop 304 comprises a fregquency divider 306,

a phase freguency detector 307, a charge pump 308, a low-pass



enbodi nent of the invention. 10 The output of the tinme del ay
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 d5 301 as expl ai ned 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 tine
del ay apphthies 30D ang 2 beobrasgp srrrdd Hedd 19l bt phadd s Hpse

has a ceri@iped VEAME, 3¢ ArcXadidehdd o phas ec B i todred meedy 10OPsagown
and 20 500psec. The plurality of input bits 302 may for exanple be a

bi nary rep?esththtion of the resulting phase shift. In this way, the
time delay apparatus 300 is digitally progranmable for a desired

phase_shift. The plurality. of t i nput . bit 3 t
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307, a chias gend unipe 398, prang 038 Paskhd charge pump 308 converts the
(digital)} output signal of the phase frequency detector 307
to a (analog) voltage responsive to the phase difference
which is fed into the low-pass filter 309. The low-pass
15 filter 309 outputs the low-frequency component of the input
voltage to the voltage controlled oscillator 310. The output
of the low-pass filter 309 is also input as control voltage

312 to a phase interpolator 313.

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 pseudo-random pulse signal 315 to a square
wave. The pulse signal 315 is in one embodiment pseudo-
random.

35



filter 309 and a voltage controlled oscillator 310. The phase | ocked
| oop 304 corresponds to the clock generator 102 shown in fig.l. 5
The frequency divider 306 divides the frequency of a signal output
fromthe voltage controlled oscillator 310 by a nunber of tines
specified by the control signal 311. The phase frequency detector
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312 corregponds, to the control signal 106. 25 The tine delay
apparatus 300 further conprises a conparator 314. The conparator
conpépes a pulse signal 315 to a reference signal 316. By conparing
the pul seusignathS8Lshadé hshifie 1efermnceosi gneddddsd, imhd cthé scomt ook
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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 below.

In one embodiment, the phase interpolator 313 is implemented

20 by a plurality of phase interpolators, each generating one of
the ocutput 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 version of the voltage controlled oscillator 310.

Illustratively, the voltage controlled oscillator 310 is a

closed loop. The phase interpolator 313 gives an open loop

responsec.

30 In one embodiment, the time delay system 300 has the

fellowing technical characteristics.

Phase tuning
¢ 10MHz reference frequency (i.e. fregquency of the
35 reference clock signal 305) provided by a crystal
oscillator

e phase shift APh tunable from 100psec to 500psec



wave. The pul se signal 315 is in one enbodi nrent pseudo- random 35 10
The control voltage 312 specifies the phase shift APh. Since the
phase | ocked | oop 304 is a feedback system it ensures that there is
mnimal drift in the generated phase shift APh. 5 Every programm ng
of the phase shift (by setting the plurality of input bits) requires
t he phase | ocked |oop 304 to re-acquire |lock. In one enbodi nent the
wor st case Podkhasg meeiokut e phesPIeked | oop 304 (from power up)
is b50psecs. 10 Using the phase shift information enbedded into the
control voltage 312, the phase jnterpolator generates the plurality
of outputl%ﬁﬁ%aﬁ%sﬁ%H%SQ' %p$£y&§§ buf fered by a buffer 317 for
of f-chi p drievifighgbpadided iwsveformne enbodi ment, high 15 speed
buffers are _used %g obt ai n f t%gise and fall tinmes in addition to

| es’

off-cﬁip drfvi?%? %% Tl n exanple of a sinulated system

speci fi cati en Nax suemef feedebey cdwMEin one enbodi nent,, the phase
interpolator 313 is inplenented 20 by a plurality of phase

i nterpol ators, each generating one of the output signals of the

pl uralityOw§PWlt put signals by phase shifting the digital signal
318. The phaseyisiespes atDfh dSnsisant ©es enbeghgenira i dietaiRéd
versign of the volta controllg?.os illator 310. Illustratively,

t he Qﬁltage cd%%?%l?%gk¥ﬁﬂﬁ?lEEC)l%1 is a closed | oop. The phase

i nterpolator 313 gives an open | oop response.
Output signal swing
e OV to 1V with 50 Ohm termination
e Typical specification risetime trise=60psec, falltime
15 tfall=36psec, amplitude 0V to 969mV

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.l 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 of 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



30 In one enbodiment, the tinme delay system 300 has the follow ng
techni cal characteristics. Phase tuning 10MHz reference frequency
(i.e. frequency of the 35 reference clock signal 305) provided by a
crystal oscillator phase shift APh tumable from 100psec to 500psec
11 phase resol ution: 100psec I nput (as pul se signal 315) single

ended waveform 5 anplitude: OV to 1V Maxi num frequency 25M+z
Qut put  Nhsutipies imea/h worfdt drit sHafestadndifg € ONPIe Qrast expiesd ad theo

W th refenence ddfirdy etQonyt WHiaalf SWdIGngé At mid I 50 Chm
pi cal speC|f|cat|on risetime tris falltinme

termnation T Ops
15 11 al | SH6PESEN G TUdE-OP 1 TE0MP W TS b Sa ot i cs, ¢ he

time delay system 300 is capable of generating pulses with fast

risetj r fast ., fall for m.f.or i
par i 2ur alaies 3o, e e Hephars i/ idh Mot Mufe flud
wi de bandf (M)plﬂ&?nﬂmmrmg rort Wy st0dera@ney. thanR i teenngpiagatdy 110
def i ned a{?e%ﬁgﬁfor?eo%@ftﬁéq%h@%@s@§q Al Al |@ast PQME The

appllcatlon of t smtter 100 shown to 25 ultra w de

band i s ifamisitatedwir i ild U 1sispledirsha g quré"teﬁiﬁ%é:q thithgne of
network 40Q ageUHNGE et s of the antenna array 110 to form another

10 beamsteering sub-system. A plurality of these sub-systems may

be used to steer a beam using a plurality of time delays.

In 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 T2 (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



enbodi ment of the invention. 30 The pul se form ng network 400
corresponds to one of the pulse formng networks 109 shown in fig.|l.
One signal of the plurality of signals 301 generated by the tine

del ay system 300 is used as input signag 401 to the first pul se
formng network 400. 35 12 The risetime, which is for exanple
60psec, is used by the pulse formng network, which for exanple

per f or ms T xadi)f fEtfentlits iEond P e avha it o rd VAR i Facorsl

Swi t ches 1ty 3WQs POfd.s B be fyevi ded between the outputs of the
pul se form ng networks 109 and the antenna array 110 such that only

one of the UWB pul ses output froma pulse formng network 109 is
sel ect ed anRd arEieei®d Ignh0nliys el ofed thie 8 ening el lempntiheoff i

antenpa arra 0to form t her be teering sub-system. A
pl ur afi t%l&f tcﬁe 14 %f%]yest Y lcqbee Qgesrizacy etc[(; rsef(‘l“‘eeelrvezfls besmsi ity 4en
pl uralitywfraliaedetdys.tHen (drirg ng ldebzawk nedhrs igperlatibhdy ithe s

i nport ante.t qggt Qlq & dd 48 delay of , highs sheed radip oq}Hpﬁﬁé for
15 correlfa ]%otn. n{:L xalnert)}iee for sucqﬁylan Zappfqubcatl on ng?g@a vari abl e
time del &EEt-emin a receiver is shown in fig.5 Fig.5 shows a
system processi ng system 500 according to an enbodi nent of the

compiPsod B H1TGT Tl S AN B B0F HoLH RLeBhd 15 Mo TPy The
modul e 50&cohe finestddliawe ndeldye rfooduland Gheanik teheed seconiddd neignal
del ay moayl ,502 are different fromtng 1) received signal 503 by
the second multiplier 506. The time T2 represents the time
delay required to correlate the received signal 503 for
15 maximum energy when the position of a moving target is
tracked.

The ocutput 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 required.

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



25 del ay apparatus 300 shown in fig.3 in that they receive a signal
which is delayed, i.e. phase shifted, by a time Ti (first tinme delay
nodul e) and a tinme T2 (second tinme delay nodule), respectively. 30
The first time delay nodul e 501 and thesecond tine delay nodule 502
may be progranmable to set the introduced phase shifts, i.e. to set
the tines Ti and T2, in a simlar way as the tine delay apparatus
300. 35 malécmw@r,sﬁdmlplm ilpakiad dexbrbygenatiatiafera S0 tamdl fedltage
into the d4igst time delay nodule 502, a first nultiplier (or 13

m xer) 505, the second tine del ay rmdul e 502 and a second nmultiplier
(or mxer) 506. The received signal is delayed by the tinme Ti by the

first 5 télffﬁl?éﬁ& {ayho rmcg( llﬁn@)ﬁ@@ tgnpswfl By rt_gfé‘eeiﬁt;leﬂe ﬁ:i@glmag} siy&sttetmn
corre e (ori al) recejved si t
ol 1B e GO G T S e L ol G e e SRy S0 e
éhle recei Meshisi ghadevesr dedley qelilme tdigmd Ineb T2 dhnd tittee selcomnds rmlgnal
el ay no i
thyt hedé(ﬂorlagﬁoeznaﬁpr adreé yefg'lnéll O\ég‘?_g_s% %Zdnsaelcosandéq%@l ‘fée]fg&g
506 The figre alfﬂalr%pr’feseiﬂt%lttdﬂe ¥ reg amlaw rieq i el alo %W%qfeﬁre e

recei ved p?d&&@ch r§93c5 Qrhel 2 SRR FBHB e NS Bhaan ddesppsd it s oftrae
m)vmgtar I's “tracked. The output_ of the first rrult Iler 50 and
c

the & orﬁﬁam th DI Vi B MW IELT st AP Gt Rty
processi i g2 U tghlis dite dawerdigitdls silgolappld caddeedmotirer to

types of one bit of the output of the analog to digital converter 614.

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 612 all derive the same phase shift

information from the control veoltage 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 a 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



conmuni cation or radar systems shere variable tine delay operations
are required. 25 In one enbodi nent, an analog to digital converter
(ADC) is wused instead of the conparator 314 to generate input

digital signals. This is illustrated iy5fig.6. 30 Fig.6 shows a tine
del ay system 600 according to an enbodinent of the invention. The
time delay system600 is simlar to the tinme delay system 300 shown
in fig.3.patelciber dethy BydsiemBGO0EE IR sk ar 35 phaseonipekbd ¢ boge
604 and a;gentrol logic 603 with the sanme functionality as the phase
| ocked | oop 304 and the control |ogic 303 as described above with
reference to fig.3. In 14 particular, the phase | ocked | oop

gener at espa €0t Dhe Vd 1 &ap@alﬁat@ n@@@,r t1ge tihemd lcﬁ@laiﬁlawp@yﬁﬁn 700
300, éhe ti me del ay systgf1 re ves a ulse7 6%% and a

r ef er enceCIMRINEFEB1Y" o304 ‘?fi)utt‘? %Ve%(ﬁ]%ei ‘g"flp%q_ Bhd the

refer encecmgaaﬂtt a 646l S esh:grhabo‘rmr\mb,nq)m tdiee prhoe sugml Bl&. i Bhe

converted i gital t

614. Accor (?ga%k%g g(l:rgangée s%(gnd og ﬁ:le%‘g%r%?rgna%& 6% 8?;%’@%%@& by
anal og toao@égmhlel:omeﬁf@éfrablqolg‘@léﬁ@te % Eﬂu@aﬂiﬂyabfs*iﬁ?—@ﬂt@f bits

signal s Wlété‘clhag't%éafoﬁh%‘@' Galﬁgff@ﬁ% NOrit® sOPLadi &t Adarh her
out put of the anal og gl tal converter 614. Simlar_to the

di gi & s@b%ll%l@%%vﬁb% ted 08,2 daara s iRt Ak Hnal 3 64ty the

phase shidégerdy vophage Tt efpafaiOratH19 pougenet atef aoptpuial $iynofs

phase shifted output_sidnals, 60L.  yigital 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 outputs. These outputs may be bufferd
using a buffer array 720 for off-chip driving capabilities.



Each plurality of phase shifted output signals 601 may be 20
buffered by a correspondi ng buffer 620. The phase interpolators 619
all derive the sane phase shift information fromthe control voltage
612. 25 The tine del ay apparatus 300 mayg be nodified by using a
paral l el -to-serial converter and/or a serial-to-parallel- converter
as shown in fig.7. Fig.7 shows a tinme delay apparatus 700 accordi ng
to an 30lenfods menumgnt hethavientioningheubl eadeday syst@i D0 is
simlar to the tinme delay system 700 shown in fig.6. The tine del ay
system 700 conprises a hase | ocked | oop 704 and a control |ogic 703
with the EhhéH§55ﬁ%ﬁ%¢QH£ality as the phase | ocked | oop 304 and the
control logic 303 described above with reference to fig.3. In 15
particul ar,. the ocked | oop generates a control voltage 712.
As thé ti J@féghﬁ%ﬁﬁéﬁfus 600, the time delay apparatus 700 5
conprises an analog to digital converter 714 adapted to convert a
pul se signal 715 using a reference signal 716. The output of the
analog to digital converter 714 is converted by a parallel to serial
converter 718 to a serial streamof bits which has the formof a
digital signal. The serial streamof 10 bits 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. Simlar to
above, the plurality of output signals 701 may be buffered by a
buffer 15 717.



The out put of the phase interpolator 713 is also converted from
serial to parallel by a serial to parallel converter 719. The out put
of the serial to parallel converter is a set 20 of interpolated ADC
out puts. These outputs may be bufferd qusing a buffer array 720 for
off-chip driving capabilities. 16 1In this docunent, the follow ng
publications are cited: [1] US 5,943,010 5 [2] US 6,794,912 17

Cl ai ms 1.Cl&imsre del ay apparatus for generating a plurality of phase
shifted signals conprising 5 - a phase tuner generating a phase
control signal and - a phase interpolator receiving at |east one

di gital sligdaltimhdeneraiag it ﬁﬂ%r%ﬁ%%ﬂfolfn%f?a%l%rfﬁlﬁ@ﬂ of g ae

by phasessihdddd nglgmglcgjrﬁgajlgslrgyal according to the phase control
10 2. .The t| ne del ar at us .accor di cI aimil erein

Pha o ase & RIS S Gl SRR SRS A ar at us

accordi ng- tao pﬂiaasarnﬂqtejnmlmtmﬁ hee c<liSr iphpset | Joesksad drcmp:lm;ﬂrn}rili seisyreal

Vol tage ot 1SS R, it dh A SOREGHAE HRLRRE AL Bt e
osci | | at irdve seowutpit oy ttHee vbilaidgel coirmvaol | ek osEing dfcq)rthes Rhﬁ@q)hase

control sigpalol 20 4ha1The tinme delay apparatus according to claims3,
mher%bn the

2. The time delay apparatus according te claim 1, wherein the

phase tuner is a phase locked loop.

3. The time delay apparatus according teo claim 2, wherein the
15 phase locked loop comprises a voltage controlled oscillator
and wherein the wvoltage input to the voltage controlled
oscillator for controlling the frequency of the oscillation
output by the voltage controlled oscillator is the phase

contreol signal.

20
4. The time delay apparatus according toc claim 3, wherein the
voltage controlled oscillator generates a first clock signal
and the phase locked loop further comprises
- a receiving means for receiving a second clock signal

25 - a phase comparator for comparing the phase difference
between the first clock signal and the second clock signal to
produce a digital error signal
- a charge pump for converting the digital error signal to an
analog error signal

300 - a low pass filter for filtering the analog error signal to

produce the phase contrcl signal

- a frequency divider for dividing the first clock signal.

5. The time delay apparatus according to claim 4, wherein the

35 digital error signal is a digital error pulse signal.



voltage controlled oscillator generates a first clock signal and the
phase | ocked | oop further conprises - a receiving neans for receiving
a second clock signal 25 - a phase conparator for conparing the
phase difference between the first clogk signal and the second cl ock
signal to produce a digital error signal - a charge punp for
converting the digital error signal to an analog error signal 30 - a
| ow pass $ilTke Fbre fdekasyigRpParrtehad QPP ¥ T & ghdimo? PF odluce the

phase confiote sh 0@ anddg peNeYs v ders fa diyvidh narihe EhFsdne.
clock signal. 5. The tine delay apparatus according to claim4,

wherein the 35 digital error signal is a digital error pul se signal.
18 6. The. tThe tahaydepparabpsraecordidgrding|ed ndly asnd, of Whies ei n
t he agal 0g, error

signal is an analog.error current.. 7., The ti

del ay SappalAe 4cearh AT dhy- BheG1o7 OB 1 ai TI9A T e er 2%
t he phaseplvose ral f Sexprate spetivhassn Phasshakd fareieecame wherei n

t he phas i i ]ﬁ{r@ t. t i, ch

t he freqf})e]_'ﬁf%: Eﬁﬁﬁé\};}%%r%i%%%g hebéifcr%r (S:E.‘I?}(t)c m%}gn%}?& %e(g.yeﬂl'\%é time
del ay appaFetdmr ££Eorthhgthd sl dtk thknalains 1 to 7, further
conprising a buffer for buffering the plurality of phase shifted

si gnal s. The tjnme del a\g apparatus according to an}}/ one of the 15

9.
clai fd 1 o B¢ Jriher (R PP T PR Y R N i@t 128t one
wave signalaaindl penerat i hgrider atohmasdéiones wiffdal for gnat fdying the

shapi ng ttH[euIaatJritefns%fo e, have Pf@@c?lsigrgaols:rhe time delay apparatus
accordlngIJ 0 clai ) erein
9. The time delay apparatus according to any one cof the
15 c¢laims 1 to 8 further comprising a comparator receiving at
least one wave signal and generating the at least one

digital signal by shaping the at least one wave signal.

10. The time delay apparatus according to claim 9, wherein

20 the comparator is an analog to digital converter.

11. The time delay apparatus according to any one of the
claims 1 to 10, wherein the phase control signal specifies a
rhase difference and each phase shifted signal of the

25 plurality of phase shifted signals is generated by the phase
interpolator by phase shifting the digital signal according
to multiple of the phase difference.

12. The time delay apparatus according to any one of the

30 claims 1 to 11, wherein the digital signal is random.

13. The time delay apparatus according to any one of the
claims 1 to 12, wherein the digital signal is pseudo-randomly
generated.

35
14. A time delay apparatus for generating a plurality of

phase shifted signals comprising



20 the conparator is an analog to digital converter. 11. The tine

del ay apparatus according to any one of the <clains 1 to 10, wherein
t he phase control signal specifies a phase difference and each phase
shifted signal of the 25 plurality of phase shifted signals is
generated by the phase interpolator by phase shifting the digital
signal according to multiple of the phase difference. 12. The tine
del ay apparat@@nmmﬁm netel ehyg one b¥asheongovavai eonat cand,
wherein t S 1 dher thyes BYq APPAT A US
accordi ng&fg% any 'g# 33%191‘%%& %ﬂ@r@%t?%sﬁZJ Merg?n d| gital

si gnal i s1paeudone diriotd Si9%herated. 35 14. A tine deI ay appar at us
for generaté%@s@'&ﬁﬁéftg’e@éra@ﬂ@@%Sﬂfhéé@dc@m‘gﬂﬁissﬁ@rﬁ@lIémcﬂlg 19 -
a conparator receivj n i/aast one wave signa a{l eneraé % at

| east “one” dﬂ?gﬁ’}i‘%ﬁesﬁb %ﬁp% SPapt A e Gt eFe%t_st PHE" wave aF- a
phase tunefggehesad i grenerphase coatpbhrsl Hopl ofinphdse ahq'ofr'ascé signals
i nt er pol i I

generati ﬁtggyt%ﬁeae% uér/ﬂ#@tfirb%f p%acgjg&%%@tsgérg%%ﬂ% Céi%{%hgggt% %?sn%
t he digi tfa<br1@r<gl1a$im@br ding to the phase control signal.



