AN APPARATUS FOR GENERATI NG A PLURALI TY OF SI GNALS The present
application clains the benefit of United States provisional
S5application 60/891,197 (filed on 22 February, 2007), the entire
contents of which are incorﬁ(ﬁated herein by reference for all
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relate to the field of electronic systens, such as conmuni cation
systens using antennas, for exanple. By way of exanple, enbodi nents
of the invention reI ate to an apparatus for generating a pl uraIity of
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el ectroni c system her, In nore advanced ef‘ectronic systems, such
as conmmunwbighi arg lewperﬁed@er@n iyl refgsbrcafareaiifagposesint enna arr ays,
for exanple, clock signals of the same frequency but with different
phases (or nultiphase clock signals) are required. 25 There are

conventional mnethods avail able for generating nultiphase cl ock
signals. Afirst conventional nethod to generate nultiphase cl ock
signals would be to 30 useFaEbDLQEITiH@"‘g YEPNTHAN | ock | oop circuits.
As us herein, the termplurality refers to two or nore. In this
context, a plurality of phase lock loop circuits neans two or nore
phase | ocEnlbodiméRtslgf thé ireugintion relate to the field of electronic systems, such as

communication systems using antennas, for example. By way of example,
embodiments of the invention relate to an apparatus for generating a plurality
of signals and a method of generating a plurality of signals, as well as a

15 corresponding communication device.

BACKGROUND OF THE INVENTION

20  The use of a clock (or reference) signal is common in any electronic system.
Further, in more advanced electronic systems, such as communication
systems using multiple antennas or antenna arrays, for example, clock signals
of the same frequency but with different phases (or multiphase clock signals)
are required.

25
There are conventional methods available for generating multiphase clock

signals.

A first conventional method to generate multiphase clock signals would be to
30 use a plurality of phase lock loop circuits. As used herein, the term plurality
refers to two or more. In this context, a plurality of phase lock loop circuits

means two or more phase lock loop (PLL) circuits.



A second conventional nmethod to generate nultiphase clock signals
woul d be to use a plurality of delay lock |loop (DLL) circuits. It can
be seen that the second conventional nethod may be derived fromthe
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selected fromthe first plurality of output signals generated by the
first signal generation unit, and a plurality of outputs providing a
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15
SUMMARY OF THE INVENTION

In one embodiment of the invention, an apparatus for generating a plurality of

20  signals is provided. The apparatus provided includes a first signal generation
unit, including an input receiving a reference signal, and a plurality of outputs
providing a first plurality of output signals being generated based on the
reference signal, wherein any two of the output signals have a different phase.
The apparatus provided further includes a second signal generation unit,

25 including at least two inputs receiving at least two signals selected from the
first plurality of output signals generated by the first signal generation unit, and
a plurality of outputs providing a second plurality of output signals being
generated by interpolating the respective phases of the received at least two
signals selected from the first plurality of output signals. The apparatus

30 provided further includes a selection unit, including a first plurality of inputs
receiving the first plurality of output signals generated by the first signal
generation unit, a second plurality of inputs receiving the second plurality of

output signals generated by the second signal generation unit, and a plurality
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30provided further includes a selection unit, including a first
plurality of inputs receiving the first plurality of output signals
generated by the first signal generation unit, a second plurality of
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which: 15 Figure 1 shows an illustration of a plurality of signals
generated according to one enbodi nent of the invention. Figure 2
shows b I : Qener 1 p%?wa I of
20si glnd:ll s’ng@%odr}g?‘ﬁ{ fdQ%B%eE%o%%eﬁgegé? he ﬁ%@%ﬁf?’oﬁ‘? I g%bghé
shows a btheokghbuidhadifierenthdewts gThatrawinge arehet pedeaisarily toBieb)e, uni t
according to,one enbodi nent of the jnvention, 25F gure 4, shows
screen pa%’ﬂ“@h@s'@f'nftﬁé Q@E‘SFRJ!VF?%'F%P defpoﬁd{llﬂﬁ}fatgﬁgdhﬁlpémﬁ@?ﬁﬁﬁgé by
the digi t@leR@Fanithé f5IRNIRG bBSCAHIDH) vAfbls 87BBHIMEMs O ¥ Rvention
enbodi ment of the invention.

are described with reference to the following drawings, in which:

15
Figure 1 shows an illustration of a plurality of signals generated according to
one embodiment of the invention.
Figure 2 shows a block diagram of an apparatus for generating a plurality of
20 signals according to one embodiment of the invention.

Figure 3 shows a block diagram of the digital phase interpolation (DP{) unit

according to one embodiment of the invention.

25 Figure 4 shows a screen capture of the second plurality of output signals
generated by the digital phase interpolation (DPI} unit according to one

embodiment of the invention.

Figure 5 shows a block diagram illustrating a first use of the apparatus for
30 generating a plurality of signals, according to one embodiment of the

invention.



Figure 5 shows a block diagramillustrating a first use of the
apparatus for 30generating a plurality of signals, according to one
enbodi nent of the invention Figure 6 shows a bl ock diagram
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capaci tor arrainveotiondi ng to one errbodl rrent of t he i nventi on. 10
Figure 9 shows a bl ock diagram of the capacitor array show ng an
i npl enentation of the switch according to one embodi ment of the

i nvent4 onFigl&i7HHvsLE bdeRV@ﬁaQH%ﬁ'l éf el fitfd ANbFROH LiSit h&¢ortifg thidie
calibration unit based on the inplenentation of the switch™of Figure

9, according t@n‘tﬁlﬁ)élf@ﬂlbtdlflthémve@ﬁloﬂhe invention. Figure 11 shows a
graph of the relative delay plotted against the control bits
20settings obtained for the fine calibration unit according to one
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embodiment of the invention.
10
Figure 9 shows a block diagram of the capacitor array showing an
implementation of the switch according to one embodiment of the

invention.

15  Figure 10 shows the simulation results for the fine calibration unit based on
the implementation of the switch of Figure 9, according to one

embodiment of the invention.

Figure 11 shows a graph of the relative delay plotted against the control bits
20 settings obtained for the fine calibration unit according to one

embodiment of the invention,

DETAILED DESCRIPTION OF THE INVENTION
25

According to an embodiment of the invention, an apparatus for generating a
plurality of signals is provided. The apparatus provided includes a first signal
generation unit, including an input receiving a reference signal, and a plurality
of outputs providing a first plurality of output signals being generated based
30 on the reference signal, wherein any two of the output signals have a different
phase. The apparatus provided further includes a second signal generation
unit, including at least two inputs receiving at least two signals selected from
the first plurality of output signals generated by the first signal generation unit,

and a plurality of outputs providing a second plurality of output signals being
4



According to an enbodi nent of the invention, an apparatus for
generating a plurality of signals is provided. The apparatus provided
includes a first signal generation unit, including an input receiving
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by the 10second signal generation unit, wherein any two signals of
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2 signals of the plurality of output signals have a different phase and selecting
at least two signals from the first plurality of output signals. The method
provided further includes generating a second plurality of output signals by
interpolating the respective phases of the selected at least two signals from
the first plurality of output signals, and selecting the plurality of signals from
25  the first plurality of output signals and the second plurality of output signals,

wherein any two signals of the plurality of signals have a different phase.
Embodiments of the invention emerge from the dependent claims.
30 Inone embodiment, the first plurality of output signals is generated such that

there is a phase difference between any two signals of the first plurality of
output signals, and that the minimum phase difference between any two



25the first plurality of output signals and the second plurality of
out put signals, wherein any two signals of the plurality of signals
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In one embodiment, the apparatus provided further includes a calibration unit,

wherein the calibration unit is programmed to compensate the minimum

phase difference between any two signals of the plurality of signals, such that
20  the minimum phase difference is at least substantially the same as the

parameter value corresponding to the signals selected by the selection unit.

In this embodiment, for example, if the second plurality of output signals were
sel_ected as the plurality of signals, then the minimum phase difference

25  between any two signals of the plurality of signals should be about the same
as the desired value, namely, the minimum phase difference between any two
signals of the second plurality of output signals, which is based on the second

parameter value.

30 However, due to device mismatches or process, voltage and temperature
(PVT) variations along the different signal paths, for example, the minimum
phase difference between any two signals of the plurality of signals may

deviate from the desired value. In this context, the calibration unit is used to
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25 between any two signals of the plurality of signals should be
about the sane as the desired value, nanely, the m nimum phase

di fference between any two signals of the second plurality of output
signals, which is based, on the second _ paraneter value. 30 However,

due to deMfREFARBERFRIONIP iisgER e migmusy ehase diflerpracbeivesrany)
variatl Onguééﬁﬂalstéﬁhg' fltfrﬁfit?’?;{f \?Btjrgi:l]sglﬁ @%?h? E%eeél}f{gg! cfeftl‘tg Safid) mum

phase diffterence between any a e pl si gnial s
may devi awhidhriernaskd ctebiersedondipaeametermvale. cont ext, the calibration
unit is used to provide conpensation to ensure the m ni mum phase

di fference between any two signals of the plurality of signals is

about ¢ heyrsghmhasembBdifsit 81 ér(gdoégstusvmbeitaﬁh%nﬁéﬁﬂcmaeé *éeo@rgpg@@d

paranmeter value. 5lIn another e I ment, e apparatus provi
further iwgif,udesren theftuffering wnil is adaptadioncarties! the $lewi nate ahihe i s

dapted t trol. the sl f .pl it f.Si | s, h
that the PLEBRY B bR Su rahte Ao idhes ot il SpESEnsie e
subst ant i ghkys(ibastEly the sany £¢afdreesfing Waue 101 n one enbodi nent,
t he second signal genération unit includes at |east one phase

interpolating circuit. In another enbodi ment, the second signal

genergfio - ral l: i r ti.n ircuits
whi chﬂ)tar e“c%ﬂéné@tbggwgﬁzg% gésébn%é Iégh%ﬁelﬁ%?&o?ﬂ)ﬁ'g@egr#é%%IO i ng
circuits pisssk eppottingrtirchit. ldesiotiest embodiertthesedohdl eigizte bet ween
any two signals of the second plurality of output signals. In this
context, 9¢nerafigh §ai ingludes apiality afirhase deterdRlingeeFcullsWhiGh ag¢ gnal s
of the seggiHl i of output signals is desired, then the nunber
of phase int erogéo gftll'én%éééi.rcuits used nmay be small. On the other hand,
20 if a smaller m nimum phase difference between any two signals of

th | | it f t.put  si |s.is desjred, th t he, nunb f
phase3 nt Lregtitienst pfred temoudiniiiisiits Used rieprars onhergsred o ©
i 1T ustrat inffin@xfpRESe aifRMEnddbétw@endany iR SHARG of Fhe BEESRY plurality of

interpolating 25circuits used is 15 Which are arranged into
st ages. Thutpuhsignalst hnthis bentextaifea largeravinimnpmephaseadiffatenoeraiveen

al ong any I t i S d.si |. generatjon unit to
any out pueoi HaREls it S by 37 PR R SR BN, g,

t he ni ni nwimpbASEpithdd iﬁtaP@@tihgtc_weeilte 880d ndy Isé &mallsOafthé behsrarprid
plurality of output signals obtained is about 1/16 of the@ghase 30

di f f elenciéaiisnalies minkeimphasedliierenae befeeempay svesignats ekibsrecongnal
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circuits used should be higher.

in the illustrative example shown in Fig. 3, the number of phase interpolating
25  circuits used is 15, which are arranged into 4 stages. This means that there
are 4 phase interpolating circuits along any path from the input of the second
signal generation unit to any output of the second signal generation unit, With
such a design, the minimum phase difference between any two signals of the
second plurality of output signals obtained is about 1/16 of the phase
30 difference between the two signals at the inputs of the second signal

generation unit.



In one enbodi nent, the plurality of signals of the selection unit is
provi ded to an antenna beanform ng unit. I n one enbodi nent, the
nunmber of output signals in the first plurality of output 5signals is

the sane as the nunber of oufput signals in the second plurality of
out put si Gh%m% embodingnts mﬁ)aitﬁﬂﬁy of gﬁ!@aﬁ ofdhe selastipn yeitds am%ecﬁtﬂ t
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first signal generation unit 1 ncludes a 10phase lock loop circuit. In
one enbodi nent, the selection unit includes a nmultiplexer circuit. In
one enbodj nent comuni.cati on device s provided, wherejpn the
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further incCludes conpensating the m ni num phase difference betveen
any two soOgtrat sigofist he plurality of signals, 20 such that the minimum
phase difference is substantially the sane as the paraneter val ue
corresponding to the selected plurality of signals. In one

enbodi nmenfn, oridemiRtiaent) Ry firde dightl §@esratitg LHAf%cIGPsY A eleldyngck dps| ew
rate of the plurality of S|C%2als, such that the rise/fall tinmes of

the pl ur afirayt. &1 aneiiegrmbodinentthe best signabgeneratian upitindudes® as a
pr edefd neghé(éaé &k loop circuit.

In one embodiment, the selection unit includes a multiplexer circuit.

In one embodiment, a communication device is provided, wherein the
15 communication device provided includes the apparatus for generating the

plurality of signals.

In one embodiment, the method provided further includes compensating the
minimum phase difference between any two signals of the plurality of signals,
20 such that the minimum phase difference is substantially the same as the

parameter value corresponding to the selected plurality of signals.

[n one embodiment, the method provided further includes controlling the slew
rate of the plurality of signals, such that the rise/fall times of the plurality of

25 signals are at least substantially the same as a predefined value.

[n one embodiment, the method provided further includes providing the

plurality of signals to an antenna beamforming unit.

30 The embodiments which are described in the context of the apparatus for
generating a plurality of signals are analogously valid for the method for
generating a plurality of signals, and the respective communication devices,

and vice versa.



I n one enbodi ment, the nethod provided further includes providing the
plurality of signals to an antenna beanform ng unit. 30 The

enbodi nents which are described in the context of the apparatus for
generating a plurality of signals are analogously valid for the

met hod for generating a plurality of signals, and the respective
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the fifth signal and the sixth signal and the phase difference between the sixth

signal and the seventh signal 105.

20 According to one embodiment of the invention, the value of the phase
difference 111 may be based on a parameter. In one embodiment, this
parameter may be a programmable parameter, i.e. the value of this parameter

may be set within a certain range.

25  Further, each signal of the plurality of signals may be, but is not limited to, a
clock signal, a data signal, a periodic signal, a pseudorandom signal or a

pulse signal, for example.

Fig. 2 shows a block diagram of an apparatus 200 for generating a plurality of
30 signals according to one embodiment of the invention.

The apparatus 200 may be used to generate a plurality of N equally phase

shifted (or time delayed}) signals, for example, for use in antenna beamforming

9



The apparatus 200 may be used to generate a plurality of N equally
phase shifted (or tinme del ayed) signals, for exanple, for use in
antenna beanformng applications. In this illustrative exanple,
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ref erencesighgléaére _e@ﬁt@ﬁr(ﬁ}ree%aﬁ?p?lg,hés ONGWN R ﬂggg?' s of the sane

frequency fromit I ch ar'e equal phase shi (or spaced) in the
time domain. The anmount of phase shift (or m nimum phase difference)

i i | i i | be di qi N df 0
300 pi cootlu8RatvRnedie drapitis 200 TRbESs Griblasenes sRarbe GeRertes © °
contexs, biapt Bbﬂ%g sitiald of thelsain®d feqliendyRorlifRhRe! A% édﬂJazlﬂghaéé‘e

phase shift may given by the time del’ay nultlplled%
f r equencysiifted ifer spagsdh inthgntime slenain. The astannt of phase shidt (appar at us

"nter pol oS eEpPratR AFRsA R kit b g e By thoBbeRidRly
appar at uspRPafiddom 016 S0E picdseoande(RS) Vid bakbe tuning toRBa) signdlsne

calibration unit 209, a buffer unit 211 and a reference clock unit
213. The delay lock loop (DLL) unit 201 receives a reference signal

of "ol put "oy 21 BERE 1% Rfidsd Pt if et 0 (RN RY I idi e Ped 'Y

nunber of shifitrpay beigiveal by thenimatdedapsultipied dlyathe liegkehop pf Held)tpuhi t

201 is 8. . Further, as an_illustrative exanple, the reference signal
fromthe ?’QP@\'%’?FQEV?EJ‘SEﬁO(S@P‘(anit 213 may have a frequency in the

range of about 10 MHz to about 100 MHz. In one enbodi nent, the first
plurality of output signals is generated such that there is a phase
di f f er encth®eppesiua2POtineiudésaaetayolock eopf (Ddt) uslitl 204, iat digitdl B@se

t i I t, i ni J dif bet t
o onatss o thgra s s R 2P3, Ghd e BB RRE Kl 208" TAS BratetiR 2081 &1°
par anet er flyipled fhel@ddh a dolrset=ABraRIrcurdit 287, defide calibration unit 209, a
buffer unit 211 and a reference clock unit 213.

The delay lock loop (DLL) unit 201 receives a reference signal from the

20  reference clock unit 213, and generates a first plurality of output signals. In
this illustration, it can be seen that the number of output signals generated by
the delay lock loop (DLL) unit 201 is 8.

Further, as an illustrative example, the reference signal from the reference
25  clock unit 213 may have a frequency in the range of about 10 MHz to about
100 MHz.

In one embodiment, the first plurality of output signals is generated such that

there is a phase difference between any two signals of the first plurality of
30 output signals, and that the minimum phase difference between any two

signals of the first plurality of output signals is based on a first parameter

value, e.g. a programmable time delay.
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As an alternative inplenmentation, the delay |lock |oop (DLL) unit may
be replaced by a phase lock loop (PLL) unit instead, for exanple. The
digital phase interpolator (DPl) unit 203 receives at |east two

signals fromb5the first plurality of output signals generated by the
del'ay | ocRSESAQBRIYE wﬁ@m@@iqtloamweg@%%ecé@oapé@bbﬁambmﬁyatpety of
out put si% h P?%% | £ | are generated
by the digi ta?:edpﬁ%g | ntegg%lﬂogpgﬂ}'&ﬁgt '%&gggé%}ﬁt)%t erpol ating the
respective phases of the received at least two signals fromthe first

L i 0 el o g g ™
out puts Si gaarsy plh?éllﬁ* ??Qlin?ht E?@ﬁal | Girichted P! dli[ﬁlﬁf&% (OOFY dnipini t

203 is 2. Additiona can al so be seen that e nunber of’ out put
si gnal s g2@tranccgemnsratésca gegondplushlily of putpel pignatsomheBRicpndmiluraliy3 i s

Gener at odS SHAUE RGP Hrp HoPEra8H Y08 il phe mySinebithr TSN gk 203
si gnal s ofy iherppestiigithelresgédtive pHasediaptfie fdc@i@ldsat [88st thidadighdle

m ni nrum phase difference between any two signals of the second

pl ur al i t yfrem thgtfissk pldralibapiowtsubsignalson a second 20 paraneter val ue,
e.g. @& programmabl e tinme delay. Further, in another enbodinent, the
first paraneter value is greater than the second paraneter value. In

ot her wor Herthét, inthys Mastratien, decatbé Baen thet thelhaynHarek sigreis (fidoh thaini t
201 generates luralijt tput signals with a "coarse” 25m ni num

ohase di fie eEaltyRt ot stamefi pelipd B dlde digiptphasainterpelaten (L) «
phase. i 190y 203 P2 ARtbHal), it diPaibo Bedittndl i MmberiF b T
del ay | octighalsmgrlatpduni the2ldital phase interpolator (DPI) unit 203 is 8.
15
In one embodiment, the second plurality of output signals is generated such
that there is a phase difference between any two signals of the second
plurality of output signals, and that the minimum phase difference between
any two signals of the second plurality of output signals is based on a second

20 parameter value, e.g. a programmable time delay.

Further, in another embodiment, the first parameter value is greater than the
second parameter value. In other words, it may be considered that the delay
lock loop (DLL) unit 201 generates a plurality of output signals with a “coarse”

25  minimum phase difference and that the digital phase interpolatbf (DPI) unit
203 generates a plurality of output signals with a “fine” minimum phase

difference.

In this context, as an illustrative example, the delay lock loop (DLL) unit 201
30 may generate the first plurality of output signals with a time delay of about 80

picoseconds (ps) to 600 ps in steps of 5 ps (or “coarse” time delay), while the

digital phase interpolator (DPI} unit 203 may generate the second plurality of

11



30 may generate the first plurality of output signals with a tine
del ay of about 80 picoseconds (ps) to 600 ps in steps of 5 ps (or
"coarse" tine delay), while the digital phase interpolator (DPl) unit
203 may generate tre second plurality of  output signals with a tine

del ay of Q¥®it SPNBIWLiadier delsy)ofabort 0 micosecends §ppito g 5ms ingiteps

"fine" tigesdeldykinet Bmd Gy t he above, the first paraneter may be
the m ni nrum ghzgse edi P?@ereﬁg{i val ue corresponding to the tine del ay

in the range of about 80 picoseconds (ps) to about 600ps in steps of
about 5ps. Alternatively, the first paraneter, may be the tine dela

Vel e 1t o lonGiiiRe bRt enp st nasiielal BAY beybp e A Re  del ay
and the niifcFAHBaPRASE cOirbESEIRIIGG to fﬁewﬁﬂfewaﬁ i*ﬁﬁgé%ﬁ oPAbSIEIET My

be the m ni mum phase difference value corresponding 10 to the tine

del ay in pikesecoryls (95) tehadnut@P9psdn atepstof et Hps shligraativelwiibetiirgps,
cont rol iy B EL PP Wi e i AOBEp 8l oca el T BB SRR 201,

for exanpbgtwddnl thettingd deRly)and thethiirh agksithseoditfbidree, Likelsd eatl tine
delay of 10 Variable Delay Cells may be set to be equal to a tine

del ay val $RC6M paraméeemal he theraipimum phase dfatence valugecwesmanging
Del ' t
about | Bocisp Dl HNTA 17 [4Higief ahduft oo EBBACTSEDM. GRS HBAME | P

del ay bet Sesorithe tinisgdelbyg valuelitsetin8c) , APh (see Fig. 1, for exanple),

may be in the range from about 80ps to about 600ps in the tine step
of about 5ps, for exanple. For a tine delay bel ow 80ps, the digital

phase intI%rrﬂefé‘aéfail,(ﬁéfsﬂl?égéiéhiﬁﬂé BR¥oP agﬁaﬁv'?frﬁeg;&uit Ugﬁgﬁﬁéfﬁ&a he

sel ect ed out put sign romthe“first p out ptt signals in
order to loitkiioop {el-lspwuinz0 hifar exampleofllustrafively sindhalleckedtdonditiohi, ae"

ti I he i,mpl t.at i the digital ph i nt |_at
(ort )P, Bl e PRy T Corile Belay el fisnihs PofBits Sadaiieediien < o
Fig. 3. WQ?Vmuééﬂqhgmfewﬁcb 3&fyreceives the first plurality of
out put signals generated by the deYay | ock loop (DLL) unit 201 (see,

for exanple, signals chlc-ch8c in Fig. 2) and the second plurality of

out put si S rate end|.Qj ' o] ) unit
203" (seo. OISR HeEelbtane DR il PRGBS Sl (e
range from about 800ps to about 6000ps in the time step of about 50ps, for
20 example. The time delay between the signals (ch1c-ch8c), APh (see Fig. 1,
for example), may be in the range from about 80ps to about 600ps in the time

step of about 5ps, for example.

For a time delay below 80ps, the digital phase interpolator (DPI) unit 203 may
25 be used to interpolate the selected output signals from the first plurality of

output signals in order to obtain the second plurality of output signals with a

“fine” time delay. The implementation of the digital phase interpolator (DPI)

unit 203 will be discussed in more detail later in relation to Fig. 3.

30  The multiplexer unit 205 receives the first plurality of output signals generated
by the delay lock loop (DLL) unit 201 (see, for example, signals ch1c-ch8c in
Fig. 2) and the second plurality of output signals generated by the digital
phase interpolator (DPI) unit 203 (see, for example, signals ch1f-ch8f shown
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in Fig. 2), and then select the plurality of signals fromthe

received first plurality of output signals and second plurality of
out put signals. In the illustrative exanple showmn in Fig. 2, the
mul tipl exer un|t 205 selects the Splurality o nal s from either

the firstingrige #hiand thenseienithe phrality of gigngle: fé@artge re¢gived festay) or
h del Th
coar so_ capioft B bhtbuPhicdlPala, Sp A Bluraey Br ookolPsighal® A0 S ) K

together (as a calibration unit), |n order to conpensate the tine
delay errors in the 10 plural t he ou 0 h

il £ pt exBr gl RIS shakadn £j9 o Abs oo Gl 20a sepclihece
| npedance, I S,
for - exanpl oA bF DERe SRR BBl PGP BN PEBGLe
and t he flime d=hy)wordbé sacomd pluegiity wif bLitde siinetuedtd fine” tioveedalay )i |

| ater in relation to Fig. 4. 15 The buffer unit 211 may be used to
control the slewrate of the plurality of signals, so that the

ri selfallThé gearsef cdlibfatinidt 20 2AH tﬁé ﬂﬁé"c%hlé#raﬁoﬁ%ﬁtZGd\ﬁoﬁ@t@em%rt he
desired value. 20I[lustratively, wth fer unit 211, the rise

time of tiss praliaatieyust), i grigrio @amu@@sgtai@eémde@ytemfe in ¢he he

ray 59 coRGHYr SORRR aPuR by AR Inu b eb @Rt 208 e bs iy *
| oad. 25Fe@or33'nai]l<b‘dsca®sbtiw«jéill@@rnﬁimda‘nobhﬁlsdlalcﬁ@ |8tas enismatches,
i nt er pol atlon({ unit 203 according to one enbodi nent of the

i nvent i orOr PANGIRY wﬁ mmatahesﬁé‘%%@mpl@ Thedmgiegnentatipn g5 the coarse
i nt er pol aeém?ﬁmﬁ.t 907 tand4fe hﬂ%'déﬂSF‘at%Pq.g'gﬂ(%@l\jvﬁl@é%}:ﬂé SPH BblON

(DPI') stages (nanel st age uni age uni t
(303), a dhkildatagm r@lationtto(F@54. and a DPlI stage 4 unit (307)) and a
mul ti 9,1 exer 3009.
1
The buffer unit 211 may be used to control the slew rate of the plurality of
signals, so that the rise/fall times of the plurality of signals are about the same

as the desired value.

20 lllustratively, with the buffer unit 211, the rise time of the plurality of signals
may be programmable to be in the range from about 100ps to about 5000ps.
Further, the buffer unit 211 may be designed to drive a high impedance load
of about 50Q/10pF load.

25 Fig. 3 shows a block diagram of the digital phase interpolation (DPI) unit 203

according to one embodiment of the invention.

In this illustrative example, the digital phase interpolation (DPI) unit 203
includes 4 digital phase interpolation {DPI) stages (namely, a DPI stage 1 unit

30 (301), a DPI stage 2 unit (303), a DPI stage 3 unit (305) and a DPI stage 4
unit (307)) and a multiplexer 309,

13



As shown in Fig. 3, the DPI stage 1 unit (301) only has one DPI
circuit 311, the DPI stage 2 unit (303) has 2 DPI circuits 311, the
DPl stage 3 unit (303) has 4 DPI circuits 311 and the DPlI stage 4

it (303 8 DPl. circuits 311. 5Th t 3 | udes 2
put s (ARsrIoB IkiosS o RLStEge Tt ) wlvrﬁa‘%owéiﬂlcﬂ%w‘t‘éaaput
A of thetl-l%"[bp%fa@'élé u?n% 30 @%?th&&@’sﬁ thQ%ﬁl'ﬁ?&%g%gwﬂgﬁﬁg A

of the DPI circuit 31 | kéwm se, the s ‘at out

circuit 3has |45DIahC|EDwtst31doemd tife E)Hbstaggrﬂalunlh(SGB)ﬂnals EBDS’ﬁ cirtaitsP1 1.
circuit 311. The signal at output Mof the DPI circuit 311 is a phase
I nt erpol ated signal 10generated fromthe signals at inputs A and B of

the DR cThemp) c3rl:lut 31N |hBI'u§eS 2 |H|§@t%31m &1y BY BARd B"tﬂ&?ut@' (AF, &5 IpfeIaMVI).

bet ween the signals at Mis about hal f of 'the phaSe
di f f er encéhgsighebat out@uwgnfaﬂ@ BP! eitryiid & is amexaa copy of thf-:h@lgnamt

15 of ¢nelBBr AdHig g 50" bikehiss, 8 aEoR afaFobll; bR o

time del ayirdigt 3EER dhexsit@oplyof e Qigh@lléﬁnﬁut BrA thé DPI cheuiPBi 1 CTH& Ui t
311 of the DPl stage 1 unit 301 is %ﬂven Aph/ 2. Likew se, the

time del aygaak%mpvw C?‘ﬂbﬁ@%l CéFFUlS pus 8 masadaterm@ate&r@gm i
20ci rggl agéﬁéra?éd 88 B S‘@%?s i out paﬁ% R? 1l Q@’nllﬂcp?uf@w dﬁlthfs €

time between the's circuit
311 of t hidusiPhticat, dige pBase diffe3hca beigveee]rthb)slgmhé aBoatptitd Aéarhd Neisdel ay

o e o B P e L oo B e e b,

del ay between the signals at inputs A and B of the DPl circuit 311 of
the DPI stage 1 unit 301 were 80ps (i.e. Apt, r'-: 80 ps), then the
tinme del ayeﬁibemdelay beitgraan $hasigoatspaitispuls Paaddlﬂ oﬁtha@lercudiiaﬂdui t

| h
ool e ReRPt 8Ee Atk 50458 r¥BisSaRE AbS ThEMROR: e i€ daay
si gnal s ab@m@étnnhb digrs Bbeudugs Ashnd setheMPRr SRttt 3 Pnof(tRBIDPUNI t

203, where the mninumtine delay between any two output signals is
5ps. stage 1 unit 301 is given by Aup/ 2.

Likewise, the time delay between the signals at outputs A’ and M of any DP}

20  circuit 311 of the DPI stage 2 unit 303 is given by A,/ 4, the time delay
between the signals at outputs A’ and M of any DPI circuit 311 of the DPI
stage 3 unit 305 is given by 4,4,/ 8 and the time delay between the signals at
outputs A’ and M of any DPI circuit 311 of the DPI stage 4 unit 307 is given by
Apn/ 16.

25
As such, if the time delay between the signals at inputs A and B of the DPI
circuit 311 of the DPI stage 1 unit 301 were 80ps (i.e. Ay, = 80 ps), then the
time delay between the signals at outputs A’ and M of any DPI circuit 311 of
the DPI stage 4 unit 307 would be 5ps. |

30
Next, the multiplexer 309 selects F1-F8 as the outputs, and as such, eight
signals are output from the digital phase interpolation (DPI) unit 203, where

the minimum time delay between any two output signals is 5ps.
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In a simlar manner, if the tinme delay between the signals at inputs
A and B of the DPI circuit 311 of the DPI stage 1 unit 301 were 600ps
(i.e. Aph = 600 ps), then the tinme delay between the signals at

outputs A\ and Mof any DPlI circuit 5 311 of the DPI stage 4 unit 307
woul d be 37.5ps. Next, with the multiplexer 309 selecting odd "F" as

the out p“Fr?a%imﬁ%ﬁpm%ré%r%:ﬁétpégﬁn}e'zgelaf%et\ﬁéén trf gnﬁ‘élﬁ a'fiﬁ é”éthBeof

sel ected outputs s are out put ase
i nt er pol athieoldP{ CiRtYit B ofma;)Pl/\Stege *t it BOhwaumGDOpm(lrm mﬁlrol@{)ﬂ)as);\een

t t j s i ch,_th :
Four - ot agthe e st BBy SstvBER His SBnols Topud sl o £ 0mbaove
may cwersﬂh%ftnerrgpﬂ@ia@b4@%@0?%111@5@ 305gaps with time step of
5ps. 15Wiile the illustrative exanple (shown in Figs. 2 and 3) shows

a specific range of coarse tinme delay and a correspondi ng range of

val e r ande e ishp ERpREeT IR sbleGindkatCF b Siife f O £ e

used, bot F5f R EREFBE FzandEl 8Yeiyge S@Mbtédi'@ufpw@ bighe siflafyareange
may be vari ed accordlngl . 20 For exanp t he coarse tine delay may

be in theoutaugﬁombrmcaw&hp@ﬁ@ lrﬂt@rmlaﬁm @%Bmd@O@uWer@thﬁ MHMEM t he
f I onds fs
about & S Bl BdEer S0 SABHPSighR €78 (b ImeB R SE The ¢
second plurality of output si gnal s generated by the digital phase

| nvent i oA %%Bcé[’tﬁeget‘fé%%sefq?@rﬁ?%%égé” RIS ar TS SR 205 aseriEes ay
203) 15 o LReRoReLER e UcRIPR eI B S W iR ER B b
tinme deI ay |s smal | er than the desired tine delay of 5ps, the tine
o e a0 e B Rl USRS e SR b
of coarse time delay and a corresponding range of fine time delay, it can be
seen that by varying the Reference Delay value range as well as the number
of phase interpolating circuits used, both the coarse time delay range and the
fine time delay range may be varied accordingly.
20
For example, the coarse time delay may be in the range from about 5ps to
5 microseconds (us). Similarly, the fine time delay may be in the range from

about to 5 femtoseconds (fs) about 5 nanoseconds (ns).

25 Fig. 4 shows a screen capture of the second plurality of output signals
generated by the digital phase interpolation (DPI) unit 203 according to one

embodiment of the invention.

It can be seen from Fig. 4 that the measured time delay between the two
30  selected signals (denoted by line A 401 and line B 403) is only about 4.2ps

(as denoted by delta 405). As the measured time delay is smaller than the

desired time delay of 5ps, the time delay error (or difference between the
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As mentioned earlier, the coarse calibration unit 207 and the fine
calibration 5unit 209 work together (as a calibration unit), in order
to conpensate the tine delay errors in the plurality of signals (at

the output of the multiplexer unit 205). The fine calibratjon unit
206y bEGASHEEY BMEIaIR: BN i asred e dsey)snay pocoTReld Bgs at a
resol uti opyfraforrQfit. fOr exanple. The coarse calibration unit 207 may

be used to correct tine delay errors up to +/- 100ps at a resol ution
of 10ps, for exanple. Further, the coarse calibration unit 207 and
the fine galibration upit 209 may 15be connec in.series. Wih such
. connect B MeRRedRATIG 7¢ o sbrealBEER t ARl e fnd SAUYBTR | on
of 0.5ps ORyY 208 vtk t6§&taey (7€|sta samtatoR enRieErddirad chRffehsWRiHHe thie ONE
coarse calibration unit 207 and one fine calibration unit 209

connect eddelay esrstis §1 theaplurality absighalsdat the @itpsi gfrithe ulliplexadueibich
coar se ca%b?*ation unit 207 and each fine calibration unit 209 may be
programmed Tndependently. Fig. 5 shows a bl ock di agram 500
illustrating a first use of the apparatus for generating a plurality
of signals, according to one enbodi nent of the 25invention. The bl ock

di agr am 500¢ §RewalibrmligppHtRAB Maydie yearkioearmstdims delayieriprapf up to

ol il "biongela E@ilich 8ok aRr ARMAND THELASTE shlfuchan BAPAl, 7,
of si gnal maydd isedtoicatedtytingd delalyserdre L tog/Ne00wy disa (3Nt Wi th

one signal for each pul se form ng network (PFN). Further, the
pl urality!@®s 1 @@mMBleri ng networks (PFN) 503 is connected

Further, the coarse calibration unit 207 and the fine calibration unit 209 may
15 be connected in series. With such a connection, time delay errors of about +/-

100ps with a resolution of 0.5ps may be corrected.

It should be noted that there would be one coarse calibration unit 207 and one
fine calibration unit 209 connected to each signal in the plurality of signals,
20 and each coarse calibration unit 207 and each fine calibration unit 209 may be

programmed independently.

Fig. 5 shows a block diagram 500 illustrating a first use of the apparatus for
generating a plurality of sighals, according to one embodiment of the

25 invention.

The block diagram 500 shows an apparatus (for generating a plurality of
signals) 501, a plurality of pulse forming networks (PFN) 503 and a plurality of
antennas 505.

30
The apparatus 501 provides a plurality of signals to the plurality of pulse
forming networks (PFN) 503, with one signal for each pulse forming network
(PFN). Further, the plurality of pulse forming networks (PFN) 503 is connected
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to the plurality of antennas 505, such that one antenna is connected
to each pulse form ng network (PFN). Further, an antenna radiation
pattern 507 may be generat ed by the system shown in the block diagram
500, for ex%npl e. he system shown in the bl ock diagram 500 ma be

but is noIO Prﬁ"t‘@éltw?f arziewn@fi aloyshdhat enmentaseaie sPRNeefed ja ea

RFI D bea
shows a blo Efﬁ?gégam%@{' Il stragpéy%:é’ﬂst%@@é]ﬁse oﬁaIIt%g Egjggar gt us
10 for geheganérajedibplthe alysten stiowen gnﬂrlesb!oalcdmgdamgiaa) fomexaemgiodi ment

of the invention. The bl ock di agram 600 shows an apparatus (for
generating a plurality of signals) 601, a plurality of continuous

wave (LW THE %gﬁbnfwﬁ%%%clk HRRP&RI 3R Sia E@%uﬁﬁﬁgcﬁn ieghbugal ity

of antennas 605. The apparatus 601 provides a plura sighals to
t he pl ur aUiteasWideltoayrd (UWcEi)sbeamfermlowsydtemca %B\kmamfonnmgasyswn\wr S
(TRX) 603, with ogei fgnal ol each continuous wave (CW direct
conversio r@q%@g P E'603 Further, the 20 plurality of

conti nuous wave (CW di rect conversion transceivers (TRX) 603 is
connect ed to the plurali of antennas 605, such that one antenna is
connect edFige Sesiohvsca ig agramﬁeo (loayrating ecsecondusesifdhe eppaeates ver

by sy ter BRhefRe R FANT B Sohdfy 2SIk S e mBOaio W 88 ™

syst em shipwention.t he bl ock di agram 600 may be, but is not limted to,
a radio frequency integrated circuit (RFIC), for exanple. Next, one
i npl ementation of the fine calibration unit 209 wll be described. 30

Fig. 7 I i i i

caor di g 15 oleek et 880 3Mbk ArbridrBfisiRlr CURay HRMalRS, | oy
time del asigealsp681 rmplunalitgmﬂsedtim;owen/aw((wq)ehmnteomnesmnches

I t tch tch I Furt her,
the tie Garspnars sf Rl e A Bl el B e S8 s Vol tage and

tenperature (PVT) variations along the different signal paths. These
effects
The apparatus 601 provides a plurality of signals to the plurality of continuous

wave (CW) direct conversion transceivers (TRX) 603, with one signal for each
continuous wave (CW) direct conversion transceiver (TRX) 603. Further, the
20  plurality of continuous wave (CW) direct conversion transceivers (TRX) 603 is
connected to the plurality of antennas 605, such that one antenna is
connected to each continuous wave (CW) direct conversion transceiver {TRX)
603. Further, an antenna radiation pattern 607 may be generated by the
system shown in the block diagram 600, for example.
25
The system shown in the block diagram 600 may be, but is not limited to, a
radio frequency integrated circuit (RFIC), for example.

Next, one impiementation of the fine calibration unit 209 will be described.
30
Fig. 7 shows a block diagram of the fine calibration unit 209 according to one

embodiment of the invention.
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5may be reduced using the fine calibration unit 209. A conventi onal
met hod of inplenmenting the fine calibration unit 209 is by using a
capacitor array. This nethod has been used to reduce the above

ment i oned n1snatches a d PVT'%%rlatlons The capacitors used in the

10 capaci fsmentonedRar Wai?@" Y ef1eEs BvePe 6a4Rad X €evige irBPeranss que
capaci ti vgyaghis ﬁés Igg&‘gf’lﬁsucé]tbﬁeé YIRS W8 m |§f?1%t(fH ; tcg?)%i/‘n@a.ror

conpensat i on achi ev a Capacitor’ array Is ctors
such as tﬁertherr#mtlm d&l@ﬁermmmyjsﬂs@betdaesed\bymom nekade and

connecti opns Vi DL um capaci tan of the a Typi aI ly,
Che resol Brirarape (BVP elrEiRR60 180 dfretentRond Begieu sse B cihov
i f thesf'ﬁl%yctﬂs' r‘é@fu%éﬂ%lr‘régﬂhb f%%gcali’brétﬁﬁﬂuﬁlﬁﬂogo conpensat e the above
menti oned m snat ches and variations along different signal 20

paths, it should be noted that a reI atlve del ay may be used i nstead

f b I Fi 7,
Phe i ne. Buonipafortal mélfiod Bt e B TRIGraBR A o, o
path (fromsihdld cagdditd) agag. 'ﬁ\l§¢|¢éiﬁdd21’é%ltﬂ§b@1| udtf 1 rebiueatid\abeveOUT2) .
The first S|gnal path inc udes a first inverter 701, a first resistor

(R 703, menfipaed sipmatahes and RY T veiatioss.ate eanasierused/évther 707,
The Sﬁfongaorﬁ)égﬁtﬁr bﬂ%p?ﬁﬁfhévé Qb{a%)ﬂngla?rﬁeegagé’cﬁnveaﬁﬁ&%‘P‘E'Jn[ r' stor (R)

711, a secC capacrtor” array I nver 715.
30For examgppasitivesvalbesyn in Fig. 7, the signal at OUT1 has an absol ute
del ay of sc-FAT and the signal at OQUT2 has an absol ute delay oft.
However, the tine delay difference between the signals at OQUT1 and

QuT2 15t A §

Got 2y of e, the ré Sy BRI icl alg o SERehpMor AIERIBLLC

t he rel at$uah aleaagt;ltarmrqgaséjmiteidcbscmmiatwnbeasdbetptaramm oagadiiaocet he
it t. t ted i the fi

cal | bt b SREAPietions: padaha FNETan AROFTRIeEHNS: i on

of the figgdackdrapjdicdllyatHeatsdRiion per bit achieved is about 1.2ps.

In view of the above, if the fine calibration unit 209 is required to compensate
the above mentioned mismatches and PVT variations along different signal

20  paths, it should be noted that a relative delay may be used instead of an
absolute delay.

As an illustrative example, as shown in Fig. 7, the fine calibration unit 209
may be implemented as a first signal path (from IN to OUT1) and a second

25 signal path (from IN to OUT2). The first signal path includes a first inverter
701, a first resistor (R) 703, a first capacitor array (C) 705 and a second
inverter 707. The second path includes a third inverter 709, a second resistor
(R) 711, a second capacitor array (C) 713 and a fourth inverter 715.

30 For example, as shown in Fig. 7, the signal at OUT1 has an absolute delay of
t+At and the signal at OUT2 has an absolute delay of . However, the time
delay difference between the signals at OUT1 and OUT2 is only Ar. In this

example, it can be seen that the relative delay of At is contributed by R(AC).

18



(and the second capacitor array 713) is shown in Fig. 8 Fig. 8 shows
a bl ock diagram of a capacitor array 800 according to one enbodi nment
of the invention. 10 The capacitor array 800 includes a first

inverter 801, a plurality of capacitor stages 803 and a second

i nverter g@@. re@gghwglaga%ﬁg%pfﬁ}egr&%tg@geﬁ%| DEParasiiGrarRar8ase a first
capaci tor i~ar i Jii @

S08 L he ADARGERARABLARRRS o®l Bt conethS AP BE elfindLaHE |

t he seconthecfipacalibsati®@lani@0Pd be connected as part of the capacitor
array 800. In the capacitor array 800, the switches and netal
connections contribute to the total capacitance value of yG. If each

swi t chs 80&AnSMduEios e&ﬁ%ﬂ{) §aﬁ¢rpﬁférﬁéﬁt§ﬁor¢am@ firef cAitbFeapFoshe

second capacitor 811 ( ] e relative delay between two signal

pat hs wi | (angktherfiegopd capreitaratitay 7 1hds shpwoiin&igeByal ue ALF. An
illustrative exanple of an inplenentation of the swtch 807 is shown
in 25Fig. 9. Fig. 9 shows a block diagramof the capacitor array 800

showi ng aRig. Bodevena dlockdiafrdnhef awapeabitdarrac8on aboerding @Nshe

enbodi ment of the invention. 30 As shown in Fig. 9, the switch 807
may be i npmepdiment aidhadventiant r ansmi ssion gate 901. As an

il Ius# ative exanple, the transm ssion gate 901 may be realized by a
PMOS transi stor and an NMOS transi stor connected in parallel, or any
ci rcui t whheleapaciforamaye8®0 ncluadesfaifict inverter 88dda piuralitylof capheitor
capaci tance val AC may be consid as a result. of e. 5 overall
capaci t anS8988 fsbgr%% Sé‘ﬁ%”% Wﬁﬁeﬂgbgg@a%é%%”@éﬁﬁﬂec%&@cmdpﬁ@r ence
due to di &7 Bk chpHEildEDo 4R a SEBERY Bapacitdr®111th 84ays the
simulation result’s Por Ct Ee I;dl}ne ca |%rat| on ﬁ?ﬁ“%‘ 509 base% on the

i npl ement eapagitoo tagecd Ehithe BWBOT 867 deitermiges adethetithg first acapacitor 809

enbodjvent 10of the invention The sinulations are carried out on the
e bt oGP o cepane 2 hyoPRSe dhaSiead s el &bRBiatitnaty
as the gagepcapacitance of a pair of PMOS and NMOS transistors (as
shown in Fig. 9).

In the capacitor array 800, the switches and metal connections contribute to

the total capacitance value of 3 C;. If each switch 807 switches between the

20 first capacitor 809 (C;) and the second capacitor 811 (C+AC)), the relative
delay between two signal paths will be only be affected by the capacitance

value AC,.

An illustrative example of an implementation of the switch 807 is shown in
25  Fig. 9.

Fig. 9 shows a block diagram of the capacitor array 800 showing an
implementation of the switch 807 according to one embodiment of the
invention.

30
As shown in Fig. 9, the switch 807 may be implemented using as a

transmission gate 901. As an illustrative example, the transmission gate 901
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It can be seen fromFig. 10 that the neasured rel ative del ay between
the two signals (denoted by line A 1001 and line B 1003) is only
about 251 fentoseconds (fs) (as denoted by delta 1005). As such, a

R LR B e LR N ST
settings ?Qﬁeﬂlbﬂ‘?ﬁ ah?%in‘ctl[%vinﬂEgéﬁ&r‘rﬁ’é alsiflarhktici)® according to one

enbodi nent of the I nvention. The control bits mentioned in the

graph of Fig. 11 refers the CTRL, control lines used in the capacitor
t 803 ,qf. th itor array 80Q. In this case, n ran fromO
(bi nary ob88UeNaT, 188 CoprtATPeIElS A5 ma ed et e GROE pf difows
that tqe B%r%it'c‘éﬁaéﬁé @kfe %e?ﬁ@%ﬁbﬁ%c%éﬁ ‘iﬁ% céga cpe :

i ncreased approximately 1n a 'l hear nahner R The-ContT o bits

set ti ngs. differersdeodilial tddifferdridndétabtoutingspfol exameleat | ve del ay
resolution may be achieved if the capacitance value AC, is replaced
by the capacitance difference in netal |ayers. 5The proposed

i mpl ement gjd i | j ' : '
advant ageo S, SRy Bt SHIRAER RIS [ ins i caibraan drit2ddhacet 69
par asi t i cthedpgdémeantagionrading bwitsivB0Z d Fign@l amenaling dvbhe@mizodiment
elimpated,, Secondly, the design is sinple and easy to inplenent,
since'it BWIFS? ’H‘éeé'%g%'a switch which alternates between two capacitance
values. Thirdly, the area of 10 the layout is smaller if the

capaci tance difference were generated using different netal routings.
Enbodi ment be gimuladions aem carsigd ey ondbe fineecalibration utit 209 wsing the

15Enbodi he, i i i f1 exi bl f.
genor o0 nahien Sh7 BBl LR RG24 B G bSO ARl e e LM S ence
(or the thpgNAMOBtakeitvRLAsSIHDN i Figegpr ogr ammabl e. Such

flexibility allows the sanme design/apparatus to be reused or adapted
for uke in other systens, for exanple. Further, enbodi nents of the

been part LA 4t SPea gy 18 e B o e Yelele BBy HERRA TR BRS
enbodi mengignalst(deheteddbbine Ad@0at fredlinky Bt100se iskhlylapdut 51 he art t hat
vari ous changes in faorm and det aj made therein wthout

25depar t i iegntPeesRIdf(feldasidengtry as'éeg’@% 6585)1&3 SHEhEirelative deday ofeds by
the low as about 251fs may be achieved.
20
Fig. 11 shows a graph of the relative delay plotted against the control bits
settings obtained for the fine calibration unit 209 according to one

embodiment of the invention.

25  The control bits mentioned in the graph of Fig. 11 refers the CTRL,, control
lines used in the capacitor stages 803 of the capacitor array 800. In this case,
n ranges from 0 (binary 000000) to 64 (binary 111111).

The graph of Fig. 11 shows that the relative delay of the capacitor array 800
30 may be increased approximately in a linear manner with the control bits

settings.
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appended cl ai ns. The scope of the invention is thus indicated by the
appended cl ains and all changes which come within the neaning and
range of equivalency of the clains are therefore intended to be

nmb d.,3 | V5 (I | ai med_.is: 51.A t for, ,
genre?gte i n§ SE"’H%@%PPR\JQH et '@issg?c%uae'g %EB%Q?@NN@Q@%&? rgtaavgﬁ?% Aghieved i

ti Fo Y an i >t ' ; . 1
and o CtheeipactEAER ka0 relBted BFHT KaBthidnbe B ERAE WA |,
of out put layegnal s bei ng generated based on the reference signal,

wherein any two of the output 10signals have a different phase; a
second signal generation unit, conprising at | east two

| nput s re?ﬁ%‘ﬂrﬂé}?i)ﬁd ibf‘pé%@eﬁ%oﬁﬁ%ﬂeé‘iﬁé@%&ﬂﬂ ﬂnﬁ’if‘éé@ﬂa}itﬁét

plurality of 'o I's generate I rst signal generation
uni t, andfollbwing adwdntagesFisty pline delagvest|atiora megooe dcipibved bisttle of

o Phe T clBRli G deE R e Rl oS PO Pel o os e R rupateal S
pluralit yset:om§,§th§fcrésg;iaisssimar&am 88befd infilemeht, sif@ P bhR fkkds a

a first plurali inputs receiving the first plurality of output

switch which alternates between two capacitance values. Thirdly, the area of
10  the layout is smalier if the capacitance difference were generated using

different metal routings.
Embodiments of the invention may have the following effects.

15 Embodiments of the invention provide a flexible means for generating a
plurality of signals, where the minimum phase difference (or the time delay)
between signals are programmable. Such flexibility allows the same
design/apparatus to be reused or adapted for use in other systems, for
example. Further, embodiments of the invention may also be easy to

20  implement.

While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without

25 departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range

of equivalency of the claims are therefore intended to be embraced.

30
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20si gnal s generated by the first signal generation unit,

a second plurality of inputs receiving the second plurality of output
signal s generated by the second signal generation unit, and

a pIuraIihﬁAﬁ% outputs providing the plurality of signals wherein
each of t &nals is selected fromthe first plurality of output
signals 25generated by the first signal generation unit and the
second plurality of output signals generated by the second signal
gener at | oWhgiiis clained é8:n any two signals of the plurality of signals
have a different phase. 302. The apparatus of claim1l1l, wherein the
first plurality of output signals is generated such that there is a

phase i f f er enpa dppiargtas fanyeriongting &pdraligfofldigndls remprisiigl i ty of
out put signals, and _that the m nimum phase difference between any
two signals of afir signad gepelation ynjt, 6PMpISIHSt signals is based on a
first paraneter val ye; ) ' wherein the second
plurality of out puté"’iF%ﬁ‘é@%@@%@ﬁ%@ﬁéé@“ﬁéh@ﬂat there is a phase
di fference between ampjurtlily cfiogi@lts pedviding sskrsdpiirglity vébutpyt efignals put
signals, and that the m nimum phase di fference between any two

Si gnal 3. oPoINAGEREEHAE BRFGRAN e T6ferenenHONS) Jharein anVHUOuT tBe oxtout

secongh) PagigABistavédd Hfferdit phatBe apparatus of claim 3, wherein the

first paraneter value i1s greater than the second paraneter val ue.
a second signal generation unit, comprising

at least two inputs receiving at least two signals selected from
the first plurality of output signals generated by the first signal generation unit,
and
15 a plurality of outputs providing a second plurality of output
signals being generated by interpolating the respective phases of the received
at least two signals selected from the first plurality of output signals; and
a selection unit, comprising
a first plurality of inputs receiving the first plurality of output
20  signals generated by the first signal generation unit,
a second plurality of inputs receiving the second plurality of
output signals generated by the second signal generation unit, and
a plurality of outputs providing the plurality of signals wherein
each of the signals is selected from the first plurality of output signals
25 generated by the first signal generation unit and the second plurality of output
signals generated by the second signal generation unit,
wherein any two signals of the plurality of signals have a different

phase.
30 2. The apparatus of claim 1, wherein the first plurality of output signals is

generated such that there is a phase difference between any two signals of

the first plurality of output signals, and that the minimum phase difference

22



5. The apparatus of claim4, wherein the first parameter value and
the second paraneter value are programmable. 15 6. The apparatus of
any one of clainms 1-5, further conprising a calibration unit, wherein

the calibration unit is progr d.to conmpensate the nininu hase
di f f er enc BEWRSRRY S'Sﬁﬁ%@ﬁ%ﬁ@ﬁu"?ﬁw cﬁl%&%ﬁi%@f‘%? 'Srs]‘?iﬁ?;a 185uch
that the fishhadmeRRAsSILGI fference is at [east substantially the same

as the 20paraneter val ue corresponding to the signals selected by the
selection unit. 7. The apparatus of any one of clainms 1-6, further

conprising a buffering. uni wherein t.he bufferin it s adapted to
control e si She FRPERHE pheialh & Miidronans Sepad Btk bl BRinats
rise/fall istg?émat@a due thhtiheld sya phasé diftrendy BetechMRAaSo signals of
substantially the same as a predetined value. 8. The apparafus of

any one ofhecsetons pluralitygicrdpul sigralscanshthal thm einigume phese Aiftaience
appar i us" g or Ry BURE LA SHESFRLERY bf 6kt sl g fyeco on

gener at i oa senomd pargmeteesamepl ural ity of phase interpolating
circuits, which are connected in series. 10. The apparatus of any
one of clainms 1-9, wherein the plurality of signals of the selection

unit i pyovid e m W] i us
o ars? ongof - ErarRRARIE b OB o AR ERE B9 HY e Cler oG, BERER SN T
t he firstthanthalsetgndpamanmelsr valugnal s i s the sane as the nunber of
out put signals in the second plurality of output signals. 12. The

apparatus of any one of claims 1-11, wherein the first signal
gener ati og, uni The appaltes oficldfth dY wheedin t99 Arstiphpathbter Vlue and the

second parameter value are programmable.

15
6. The apparatus of any one of claims 1-5, further comprising a calibration
unit, wherein the calibration unit is programmed to compensate the minimum
phase difference between any two signals of the plurality of signals, such that
the minimum phase difference is at least substantially the same as the

20 parameter value corresponding to the signals selected by the selection unit.

7. The apparatus of any one of claims 1-6, further comprising a buffering
unit, wherein the buffering unit is adapted to control the slew rate of the
plurality of signals, such that the rise/fall times of the plurality of signals are at

25 least substantially the same as a predefined value.

8. The apparatus of any one of claims 1-7, wherein the second signal

generation unit comprises at least one phase interpolating circuit.
30 9. The apparatus of any one of claims 1-8, wherein the second signal

generation unit comprises a plurality of phase interpolating circuits, which are

connected in series.
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13. The apparatus of any one of clainms 1-11, wherein the first signal
generation unit conprises a phase lock loop circuit. 14. The
apparatus of any one of clains 1-13, mherein the selection unit
1500npris§8 a qHItlpIex ircuit. A comruni_cati on device

conpri sin e@ppa Hﬁrogta[lg °P§r°f§@1@|3a1t Pnyhergin HTQJP'&'W'ttX/Of)ﬁlgnaIS
signal s of¢ sé?é‘(ﬁlo‘?lfurﬁ{ i%ﬁﬂBwEle&‘lo ahhntdfna DeIRFIAIN gfungener ating a

plurality o st gnal s generating a Yirst plurality
of output signals based on a reference S|gnal wherein any two

[ | f . th | I it f t ' d ff t
Sssetect | iy ar Thesoparatys &f ghdeBer Silae-10r whefiring rupber BEaepi
signals; signals i RE fitdtighSrafty Scﬁ‘&fﬂﬂjt@ig?ﬂeﬂé istﬂ‘lecganﬁ’é”é@lﬂlt\e ﬁhﬁﬂ)@r%f by

interpolating the respectivé phases the selected at |[east two

si gnal s f puiput a@nalalgtthplsecgmd plurality efioptput signadd.s; and

selecting the plurality of signals fromthe first plurality of output
signal s 30and the second plurality of output signals, wherein any two

si gnal s ofi2t heTht whphidtMs of aﬁK@nalo‘f chame 214 WhercpthePt@ssignal 17. The
met hod of claim 16, wherein t first plurality of output SI gnals is

gener at ed9gRRtioR ANiteamises adpiRydeckdPPp&irekite bet ween any two
si gna of the first plurality of output signals, and that the

m ni num phase difference between any two signals of the first
plurality1®f oUheupparatosbsanyg ohasddiamsal -5 | wherghatrenirsesignal ue.

generation unit comprises a phase lock loop circuit.

14.  The apparatus of any one of claims 1-13, wherein the selection unit
15 comprises a multiplexer circuit.

16. A communication device, comprising
the apparatus for generating the plurality of signals of any one of
claims 1-14.
20 '
16. A method of generating a plurality of signals, comprising
generating a first plurality of output signals based on a reference
signal, wherein any two signals of the plurality of output signals have a
different phase;
25 selecting at least two signals from the first plurality of output signals;
generating a second plurality of output signals by interpolating the
respective phases of the selected at least two signals from the first plurality of
output signals; and
selecting the plurality of signals from the first plurality of output signals
30 and the second plurality of output signals, wherein any two signals of the

plurality of signals have a different phase.
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18. The method of claim 17, wherein the second plurality of output
signals is generated such that there is a phase difference between
any two signals of the second plurality of output signals, and that

t he m ni phase difference 10 between a two signals of the second
plurali t;/n%g?r Oﬁgﬁme Péﬁglc ”i“s1ebé(@'&!e'(@ﬁhﬁ%%tdﬂw@?'ﬁ’aqféﬁg?@rS‘Q'&"I"§é’°f

19. The | N4t ' |
greater {Tﬁgﬁ&?ﬁig ggé(::l'gﬂ?t%l%rg%t%ﬁd\%gld&@gr@?éé%&@ﬁé%hﬁ&vﬁ%@ﬁ%ﬁ@fl aim
19, wher ethe finsepluraldy opautni signalsaland thaidthe meingeamrzhasar diffeteaceval ue
are progr ble. 21. The thod of any.one of clai 16- 20, , furt her
conpr T o ngeBGEE A Gin PagaR R ASAEHEE diteaTs K BEEAO 2oy
two signafigst pbrdrhstePhdlRl ity of signals, such that the m ni mum phase
difference is substantially the sane as the paraneter val ue

corresponding to the selected plurality of signals. 25 22. The net hod

f f ' 16-21, .f h 4 i Si . trolli th
ol ew Larotar « B8 siRnatiof biain (. Silere N Bh soPH puraty EF Bl sidtis o
of the pligr@dridratealsuthdnal thedé & &bhheaaiffeseiss batwednl ahy v §gﬁ§|s&ﬁ a
predefi ned value. 30 23. The net hod of an¥ one of clainms 16-22,

further cBifp$ecONAPIpiabiy of gPrviheiopalar and that dhe sigimum phesadiffaieaeda
beant fgm Bgt\n}ggntany two signals of the second plurality of output signals is based on

a second parameter value.

19.  The method of claim 18, wherein the first parameter value is greater
than the second parameter value.

15
20. The method of claim 19, wherein the first parameter value and the
second parameter value are programmable.
21.  The method of any one of claims 16-20, further comprising

20 compensating the minimum phase difference between any two signails

of the plurality of signals, such that the minimum phase difference is
substantially the same as the parameter value corresponding to the selected

plurality of signals.

25 22. The method of any one of claims 16-21, further comprising
controlling the slew rate of the plurality of signals, such that the rise/fall
times of the plurality of signals are at least substantially the same as a

predefined value.

30 23. The method of any one of claims 16-22, further comprising

providing the plurality of signals to an antenna beamforming unit.

25



