US008686756B2

a2 United States Patent (0) Patent No.:  US 8,686,756 B2
Hsu et al. 5) Date of Patent: Apr. 1,2014
(54) TIME-TO-DIGITAL CONVERTER AND (56) References Cited

DIGITAL-CONTROLLED CLOCK
GENERATOR AND ALL-DIGITAL CLOCK
GENERATOR

U.S. PATENT DOCUMENTS

5,570,294 A * 10/1996 McMinnetal. ... 702/118

i 6,069,508 A * 52000 Takai ........cooovvivviiivnns 327/161
(75) Inventors: Terng-Yin Hsu, Hsinchu (TW); 6,154,079 A * 11/2000 Leeetal. ...cccooorisrvvs 327/276
ot L b st 500 B0 48 Nl
; 7 unetal. ...
Su. Hsinchu (TW) 2009/0322392 AL* 12/2000 Miyamoto ... 327/158
. ) ) o 2010/0134171 AL*  6/2010 Yoshida ...occooovrrrce 327/295
(73)  Assignee: National Chiao Tung University, 2010/0164573 AL*  7/2010 Koo et al. vcomeercrnce 327/158
Hsinchu (TW) 2011/0291718 AL* 122011 Lee v 327/158
2012/0112812 Al* 52012 Chenetal. .......ccccccee. 327/176
(*) Notice:  Subject to any disclaimer, the term of this 2013/0141149 AL* 62013 Hsuchetal. oo 327175
patent is extended or adjusted under 35 FORFIGN PATENT DOCUMENTS
U.S.C. 154(b) by 0 days.
W M241888 8/2004
(21) Appl. No.: 13/570,104 * cited by examiner
(22) Filed: Aug. 8, 2012 Primary Examiner — Alexander H Taningco
Assistant Examiner — Dylan White
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Haverstock & Owens
US 2013/0038349 Al Feb. 14,2013
e (57) ABSTRACT
(51) Int.ClL An all-digital clock generator in.cludes.a digitally-pontrolled
03K 19/00 (2006.01) clock generator and a processing unit. .The Q1g1tally-con-
HO3K 19/096 (2006.01) trolled clock generator generates a clock signal in response to
an enable signal and a digital signal. The processing unit has
HO3K 7/08 (2006.01) ble signal and a digital signal. Th ; b
a frequency multiplier and a reference signal having a period,
HO3L 7/06 (2006.01) frequency multiplieranda ref ignal having a period
) digitizes the period to generate a quantized signal, generates
(52) US.CL . . . the digital signal according to the quantized signal and the
USPC 326/93; 327/158; 327/176; 375/376 frequency multiplier, and generates the enable signal accord-
(58) Field of Classification Search ing to the reference signal, the clock signal and the frequency
USPC ..o 326/93,95; 327/158, 175,176,228,  multiplier.

327/276, 278, 376
See application file for complete search history.

20 Claims, 4 Drawing Sheets




US 8,686,756 B2

Sheet 1 of 4

Apr. 1,2014

U.S. Patent

¢LAD

o~
—

e asosihoson)

,_
|
;
]
|
|
]
[
I
|
|I'|.|l.|||u. - "
VS~ 1V [Ivs LIV sl !
T 0z 8IS _A¥S| e oWS| Y] |
|
r— T | e . | | I _||IIIII.__
s e arsal
9F g | 7 18 |
| | I [ | | ! |
LI - LI LI - LI |
Sk I T T M e
]
T e -
T 2INg [INg ZINg LINg



US 8,686,756 B2

Sheet 2 of 4

Apr. 1,2014

U.S. Patent

r— — —

VA~ 87N

Lo ]

| I |

|



US 8,686,756 B2

Sheet 3 of 4

Apr. 1, 2014

U.S. Patent

: | M
- ” _
| |
9l J | _

4 8NN
@:z*,_ejan odo | |
7894)Z8M0 [8nN/1OA]=8dA | | LN

~J B - — ” | |
gLzl I 1ING] "QdA| : | |
1" NWBD: LA} | [2N/1DN]=Tdh | |
zl PO B _

o [ [LN/LDAI=LdA | |
et ) o o L1NN/LOA] |
ceozeio Ly N 1| [LdA! m

| s AN
(inNslas [N Lds & |
z1of)zio L mzu@_: L ™-7¢9 |
o Mloneg  TTT T T mm e I T 88 b 08




US 8,686,756 B2

Sheet 4 of 4

Apr. 1, 2014

U.S. Patent

(a)¥ 'S1d
AR N | Z8M0
SN I T O O B _ | _ [ _ AN K

: _ _ | _ _ |

g (894)18Y

(e)¥ 314
R AR I A T I A I TR

RN

[ B S R gy L, [ AN
I N I e R I (19y)18Y

e oal —sk— o —

;//,_@%



US 8,686,756 B2

1

TIME-TO-DIGITAL CONVERTER AND
DIGITAL-CONTROLLED CLOCK
GENERATOR AND ALL-DIGITAL CLOCK
GENERATOR

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of Taiwan Patent Appli-
cation No. 100128433, filed on Aug. 9, 2011, in the Taiwan
Intellectual Property Office, the disclosures of which are
incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

The present invention relates to a clock generator, and more
particularly to an all-digital clock generator having a time-to-
digital converter and a digitally-controlled clock generator.

BACKGROUND OF THE INVENTION

In the prior art, a first phase-locked loop for generating a
first clock signal includes a first phase frequency detector, a
charge pump, a loop filter, a voltage controlled oscillator and
a first frequency divider. The first phase frequency detector
receives a first reference signal and a first feedback signal, and
compares the first reference signal with the first feedback
signal to generate a first comparison result signal. The first
comparison result signal is converted into the first clock sig-
nal through the charge pump, the loop filter and the voltage
controlled oscillator in turn. The first frequency divider has a
first frequency divisor, and generates the first feedback signal
according to the first frequency divisor and the first clock
signal.

In the prior art, a second phase-locked loop for generating
a second clock signal includes a second phase frequency
detector, a control unit, a digitally-controlled oscillator and a
second frequency divider. The second phase frequency detec-
tor receives a second reference signal and a second feedback
signal, compares the second reference signal with the second
feedback signal to generate a second comparison result sig-
nal. The control unit generates a digital adjustment signal
according to the second comparison result signal. The digi-
tally-controlled oscillator generates the second clock signal
according to the digital adjustment signal. The second fre-
quency divider has a second frequency divisor, and generates
the second feedback signal according to the second frequency
divisor and the second clock signal.

A technical scheme in the prior art disclosed in TW Patent
No. M241,888 provides a counter-based all-digital clock
multiplier.

Regarding the clock generating schemes in the prior art, it
is necessary for most schemes thereof to utilize the digitally-
controlled oscillator (DCO) or the voltage controlled oscilla-
tor (VCO) to make the frequency adjustment. In general, on
some applications, it seems that the digitally-controlled oscil-
lator or the voltage controlled oscillator is too complex on the
hardware structure due to the frequency acquisition and the
locking mechanism. Additionally, most of the clock generat-
ing schemes in the prior art employ the architecture having a
single digitally-controlled oscillator or a single voltage con-
trolled oscillator, and thus it seems that the schemes are not so
flexible in the application of the multi-rate clock domain
design.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an all-
digital clock generator, which serves as a low-cost clock
generator and the frequency of which can be quickly adjusted.
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It is a first embodiment of the present invention to provide
an all-digital clock generator. The all-digital clock generator
includes a first digitally-controlled clock generator and a
processing unit. The first digitally-controlled clock generator
generates a first clock signal in response to a first enable
signal and a first digital signal. The processing unit has a first
frequency multiplier and a reference signal having a period,
digitizes the period to generate a quantized signal, generates
the first digital signal according to the quantized signal and
the first frequency multiplier, and generates the first enable
signal according to the reference signal, the first clock signal
and the first frequency multiplier.

It is a second embodiment of the present invention to pro-
vide a time-to-digital converter. The time-to-digital converter
includes an oscillation unit and a quantizing unit. The oscil-
lation unit generates an oscillation signal in response to a first
clock signal, wherein the first clock signal has a characteristic
time interval. The quantizing unit generates a cycle-counting
signal in response to the oscillation signal, samples the oscil-
lation signal to generate a data signal in response to the first
clock signal, and digitizes the characteristic time interval
according to the cycle-counting signal and the data signal.

It is a third embodiment of the present invention to provide
a digitally-controlled clock generator. The digitally-con-
trolled clock generator includes a signal generating unit and a
plurality of delay control units. The signal generating unit
generates a first clock signal in response to a first signal. The
plurality of delay control units, in response to the first clock
signal, determines whether the first respective clock signal
passes through the plurality of respective delay control units
for forming the first signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
presentinvention will be more clearly understood through the
following descriptions with reference to the drawings,
wherein:

FIG. 1 is a schematic diagram showing a digitally-con-
trolled clock generator according to one embodiment of the
present invention;

FIG. 2 is a schematic diagram showing a time-to-digital
converter according to one embodiment of the present inven-
tion;

FIG. 3 is a schematic diagram showing an all-digital clock
generator according to one embodiment of the present inven-
tion; and

FIG. 4(a) and FIG. 4(b) are schematic diagrams respec-
tively showing a first group of waveforms and a second group
of waveforms of the all-digital clock generator in FIG. 3
according to embodiments of the present invention.

DETAIL DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for the purposes
of illustration and description only; it is not intended to be
exhaustive or to be limited to the precise form disclosed.

Please refer to FIG. 1, which is a schematic diagram show-
ing a digitally-controlled clock generator 11 according to one
embodiment of the present invention. As shown, the digitally-
controlled clock generator 11 includes a signal generating
unit 20 and a plurality of delay control units 31,32,...,37and
38 coupled to the signal generating unit 20. The signal gen-
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erating unit 20 generates a clock signal CK11 in response to
a signal SA1. The plurality of delay control units 31, 32, .. .,
37 and 38, in response to the clock signal CK11, determines
whether the respective clock signal CK11 passes through the
plurality of respective delay control units 31,32, ...,37 and
38 for forming the signal SA1.

In one embodiment, the signal generating unit 20 generates
the clock signal CK11 in response to an enable signal EN1
and the signal SA1. The plurality of delay control units 31,
32,...,37and 38, in response to the clock signal CK11 and
a plurality of binary signals BN11, BN12, . . ., BN17 and
BN18, determine whether the respective clock signal CK11
passes through the plurality of respective delay control units
31, 32, . . ., 37 and 38 for forming the signal SA1. For
instance, the signal SA1 is a feedback signal and includes a
plurality of sub-signals SA11, SA12, ..., SA17 and SA18.
The plurality of sub-signals SA11, SA12, . .., SA17 and
SA18 may be one of same sub-signal and different sub-
signals. For instance, the digitally-controlled clock generator
11 is applied to an all-digital clock generator.

For instance, the digitally-controlled clock generator 11
includes a ring oscillator 111 and a NOT gate 112 coupled to
the ring oscillator 111. For instance, the digitally-controlled
clock generator 11 is a semi-synchronous clock generator.
The ring oscillator 111 includes the signal generating unit 20
and the plurality of delay control units 31, 32, ..., 37 and 38.
The NOT gate 112 generates a clock signal CK12 in response
to the clock signal CK11. The enable signal EN1 determines
a first time interval and a second time interval being selective
and adjacent to the first time interval, wherein the clock signal
CK11 is level-oscillatory in the first time interval, and is
level-stable in the second time interval. For instance, the
clock signal CK11 is level-oscillatory when the enable signal
ENT1 has an enable level; the clock signal CK11 is level-stable
when the enable signal EN1 has a disable level.

Each of the plurality of delay control units 31,32, ...,37
and 38 receives the clock signal CK11, and the plurality of
delay control units 31, 32, . . ., 37 and 38 further receive the
plurality of binary signals BN11, BN12, . . ., BN17 and
BN18, respectively, and respectively perform a plurality of
logical AND operations according to the clock signal CK11
and the plurality of respective binary signals BNI11,
BN12, ..., BN17 and BN18 for respectively generating the
plurality of sub-signals SA11, SA12, ..., SA17 and SA18,
wherein the plurality of sub-signals SA11,SA12,. .., SA17
and SA18 includes a sub-signal SA11 and at least a sub-signal
(SA18 and possible ones SA12, . .. and SA17).

For instance, the plurality of delay control units 31,
32, ..., 37 and 38 respectively includes a plurality of AND
gates 311, 321, . .., 371 and 381 for performing the plurality
of respective logical AND operations. For instance, the plu-
rality of delay control units 31, 32, . .., 37 and 38 are the
plurality of AND gates 311, 321, . . ., 371 and 381, respec-
tively. The plurality of AND gates 311,321, ...,371 and 381
have aplurality of firstinput terminals A1, A2, ...,A7 and A8,
respectively, further have a plurality of second input terminals
B1, B2, . . ., B7 and B8, respectively, and further have a
plurality of output terminals, respectively. Each of the plural-
ity of first input terminals A1, A2, ..., A7 and A8 receives the
clock signal CK11. The plurality of second input terminals
B1, B2, ..., B7 and B8 receive the plurality of binary signals
BN11, BN12, . . ., BN17 and BN18, respectively. The plu-
rality of respective output terminals of the plurality of AND
gates 311, 321, .. ., 371 and 381 transmit the plurality of
respective sub-signals SA11, SA12, . .., SA17 and SA18.

The signal generating unit 20 includes a delay module 20A
and a delay unit 29 coupled to the delay module 20A. The
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4

delay module 20A generates a signal SB18 in response to the
signal SA1. The delay unit 29 performs a logical NAND
operation according to the enable signal EN1 and the signal
SB18 for generating the clock signal CK11. For instance, the
enable signal EN1 is a window signal. For instance, the delay
module 20A includes a delay unit 21 and at least a delay unit
(28 and possible ones 22, .. . and 27) coupled to the delay unit
21. The delay unit 21 performs a logical OR operation in
response to a signal SB10 and the sub-signal SA11 for gen-
erating a signal SB11. The at least a delay unit (28 and
possible ones 22, . . . and 27) performs at least a logical OR
operation in response to the signal SB11 and the at least a
sub-signal (SA18 and possible ones SA12, .. . and SA17) for
generating at least a signal (SB18 and possible ones SB12, ...
and SB17), wherein the at least a signal (SB18 and possible
ones SB12, . . . and SB17) includes the signal SB18.

For instance, the signal SB10 is a low-level signal. The
delay unit 29, the delay unit 21 and the at least a delay unit (28
and possible ones 22, . . . and 27) respectively include an
NAND gate 291, an OR gate 211 and at least an OR gate (281
and possible ones 221, . . . and 271) for respectively perform-
ing the logical NAND operation, the logical OR operationand
the at least alogical OR operation. For instance, the delay unit
29, the delay unit 21 and the at least a delay unit (28 and
possible ones 22, . . . and 27) are the NAND gate 291, the OR
gate 211 and the at least an OR gate (281 and possible ones
221,...and271), respectively. For instance, the delay unit 21,
the at least a delay unit (28 and possible ones 22, . . . and 27)
and the delay unit 29 have a path PH2 thereamong, and are
connected in series through the path PH2.

The NAND gate 291 has a first input terminal C9, a second
input terminal E9 and an output terminal. The first input
terminal C9 receives the enable signal EN1, the second input
terminal E9 receives the signal SB18, and the output terminal
of the NAND gate 291 transmits the clock signal CK11. The
plurality of OR gates 211, 221, . . ., 271 and 281 have a
plurality of first input terminals C1, C2, . . ., C7 and C8,
respectively, further have a plurality of second input terminals
El, E2, . .., E7 and ES8, respectively, and further have a
plurality of output terminals, respectively. The plurality of
first input terminals C1, C2, . . ., C7 and C8 receive the
plurality of sub-signals SA11, SA12, ..., SA17 and SA18S,
respectively. The plurality of second input terminals F1,
E2, . .. and E8 receive the plurality of sub-signals SB10,
SB11, ... and SB17, respectively. The plurality of respective
output terminals of the plurality of OR gates 211, 221, . . . ,
271 and 281 transmit the plurality of respective signals SB11,
SB12, ..., SB17 and SB18.

Please refer to FIG. 2, which is a schematic diagram show-
ing a time-to-digital converter 42 according to one embodi-
ment of the present invention. As shown, the time-to-digital
converter 42 includes an oscillation unit 50 and a quantizing
unit coupled to the oscillation unit 50. The oscillation unit 50
generates an oscillation signal VS1 in response to a clock
signal KA21, wherein the clock signal KA21 has a charac-
teristic time interval TA1. The quantizing unit 60 generates a
cycle-counting signal CY1 in response to the oscillation sig-
nal VS1, sampling the oscillation signal VS1 to generate a
data signal SD1 in response to the clock signal KA21, and
digitizing the characteristic time interval TA1 according to
the cycle-counting signal CY1 and the data signal SD1. For
instance, the oscillation unit 50 includes a ring oscillator. For
instance, the time-to-digital converter 42 is applied to an
all-digital clock generator, and the ring oscillator includes a
delay module 501 and a latch unit 59 coupled to the delay
module 501.
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For instance, the clock signal KA21 has a frequency {21,
and the oscillation signal VS1 has a frequency fsl. For
instance, the frequency fs1 may be higher than, equal to or
lower than the frequency 121. The frequency fs1 of the oscil-
lation signal VS1 may be determined according to the appli-
cation demand and/or the circuit structure of the oscillation
unit 50. The oscillation signal VS1 includes a clock signal
KA31 and a clock signal KA4. The oscillation unit 50
includes the delay module 501 and the latch unit 59. The delay
module 501 generates the clock signal K A4 in response to the
clock signal KA21 and a feedback signal KA32, wherein the
clock signal KA4 includes a plurality of clock sub-signals
KA41,KA42, KA43, ..., KA47 and KA48, the plurality of
clock sub-signals KA41, KA42, KA43, ..., KA47 and KA48
includes a clock sub-signal KA41 and at least a clock sub-
signal (KA48 and possible ones KA42,KA43, ... and KA47),
and the at least a clock sub-signal (KA48 and possible ones
KA42, KA43, . . . and KA47) includes a clock sub-signal
KAd48. For instance, the feedback signal KA32 is a clock
signal.

The latch unit 59 generates the feedback signal KA32 and
the clock signal KA31 in response to an enable signal EM1
and the clock sub-signal KA48. The delay module 501
includes a delay unit 51 and at least a delay unit (58 and
possible ones 52,53, .. . and 57) coupled to the delay umt 51.
The delay unit 51 performs a logical AND operation accord-
ing to the feedback signal KA32 and the clock signal KA21
for generating the clock sub-signal KA41. The at least a
second delay unit (58 and possible ones 52, 53, . . . and 57)
performs at least a logical OR operation in response to the
clock sub-signal KA41 and at least a predetermined-level
signal (SE58 and possible ones SE52, SES3, . .. and SE57) for
generating the at least a clock sub-signal (K A48 and possible
ones KA42, KA43, . . . and KA47). For instance, the at least
a predetermined-level signal (SE58 and possible ones SE52,
SE53, . .. and SE57) is at least a low-level signal.

For instance, the latch unit 59 includes a D latch 591. The
delay unit 51 and the at least a delay unit (58 and possible ones
52,53,...and 57) respectively include an AND gate 511 and
at least an OR gate (581 and possible ones 521, 531, .. . and
571) for respectively performing the logical AND operation
and the at least a logical OR operation. For instance, the latch
unit 59, the delay unit 51 and the at least a delay unit (58 and
possible ones 52,53, .. . and 57) are the D latch 591, the AND
gate 511 and the at least an OR gate (581 and possible ones
521,531, ...and 571), respectively. The delay unit 51, the at
least a delay unit (58 and possible ones 52, 53, . .. and 57) and
the latch unit 59 have a path PHS thereamong, and are con-
nected in series through the path PHS.

For instance, the clock signal KA21 further has two neigh-
boring edges, and the characteristic time interval TA1 is a
period between the two neighboring edges. For instance, the
two neighboring edges are a rising edge and a falling edge,
respectively. For instance, the clock signal KA31 and the
plurality of clock sub-signals KA41, KA42, KA43, . . .,
KA47 and KA48 have the same frequency, and any two
selected from a group consisting ofthe clock signal KA31 and
the plurality of clock sub-signals KA41, KA42, KA43, . . .,
KAd47 and KA48 have a phase difference therebetween. The
D latch 591 has an enable control terminal 1.9, a data input
terminal D9, a data output terminal 9 and an inverting data
output terminal Qb9. The enable control terminal L9 receives
the enable signal EM1, the data input terminal D9 receives the
clock sub-signal K A48, the data output terminal Q9 transmits
the clock signal KA31, and the inverting data output terminal
Qb9 transmits the feedback signal KA32. For instance, the
enable signal EM1 has an enable level.
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The AND gate 511 has a first input terminal G1, a second
input terminal H1 and an output terminal. The first input
terminal G1 receives the clock signal KA21, the second input
terminal H1 receives the feedback signal KA32, and the out-
put terminal of the AND gate 511 transmits the clock sub-
signal KA41. The plurality of OR gates 521, 531, .. . and 581
have a plurality of first input terminals G2, G3, . . . and G8,
respectively, further have a plurality of second input terminals
H2, H3, .. . and H8, respectively, and further have a plurality
of output terminals, respectively. The plurality of first input
terminals G2, G3, . . . and G8 receives the plurality of prede-
termined-level signals SE52, SES3, . . . and SE58, respec-
tively. The plurality of second input terminals H2, H3, .. .and
H8 receives the plurality of clock sub-signals KA41,
KA42,...and KA47, respectively. The plurality of respective
output terminals of the plurality of OR gates 521,531, .. .and
581 transmit the plurality of respective clock sub-signals
KA42,KA43,...,KA47 and KA48. For instance, each of the
plurality of predetermined-level signals SE52, SE53, .. . and
SE58 is a low-level signal.

The quantizing unit 60 includes a flip-flop unit 61, a cas-
caded counter 62 and an encoder 63, and the encoder 63 is
coupled to the flip-flop unit 61 and the cascaded counter 62.
The flip-flop unit 61 samples the clock signal KA4 to generate
the data signal SD1 in response to the clock signal KA21,
wherein the data signal SD1 includes a plurality of binary
signals BM11, BM12, . . ., BM17 and BM18. The cascaded
counter 62 generates the cycle-counting signal CY1 in
response to the clock signal KA31. The encoder 63 digitizes
the characteristic time interval TA1 to generate a quantized
signal SQ1 according to the cycle-counting signal CY1 and
the data signal SD1. For instance, the clock signal KA21
further has a pulse WS1, wherein the pulse WS1 has the two
neighboring edges and a pulse duration TL1, and the charac-
teristic time interval TA1 is the pulse duration TL1.

The flip-flop unit 61 includes a plurality of D flip-flops 611,
612, ..., 617 and 618, wherein the plurality of D flip-flops
611,612, ...,617 and 618 are simultaneously triggered by the
clock signal KA21 to respectively sample the plurality of
clock sub-signals KA41,KA42, KA43, ... KA47and KA48
for generating the plurality of respective binary signals
BMI11, BM12, . . ., BM17 and BM18. The plurality of D
flip-flops 611, 612, . . ., 617 and 618 have a plurality of clock
input terminals L1, 1.2, ..., L7 and L8, respectively, further
have a plurality of data input terminals D1, D2, . .., D7 and
D8, respectively, and further have a plurality of data output
terminals Q1, Q2, . . ., Q7 and Q8, respectively. Each of the
plurality of clock input terminals [.1, L2, . . ., L7 and L8
receives the clock signal KA21. The plurality of data input
terminals D1, D2, . . ., D7 and D8 receive the plurality of
clock sub-signals KA41, KA42, . . ., KA47 and KA48,
respectively. The plurality of data output terminals QI,
Q2, ..., Q7 and Q8 transmit the plurality of binary signals
BM11,BM12, ..., BM17 and BM18, respectively.

For instance, the clock signal KA21 determines a first time
interval and a second time interval, wherein the oscillation
signal VS1 is level-oscillatory in the first time interval, and is
level-stable in the second time interval. For instance, the pulse
WS1 determines the first time interval. For instance, the fall-
ing edge of the pulse WS1 simultaneously triggers the plu-
rality of D flip-flops 611, 612, . .., 617 and 618 to cause the
plurality of respective clock sub-signals KA41, KA42, . ..,
KA47 and KA48 to be sampled.

As shown in FIG. 1, the plurality of OR gates 211,
221, . . ., 271 and 281 of the digitally-controlled clock
generator 11 are connected in series through the path PH2. As
shown in FIG. 2, the plurality of OR gates 521, 531, . . . and
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571 of the time-to-digital converter 42 are connected in series
through the path PH5. Because the plurality of OR gates 211,
221, ..., 271 and 281 and the plurality of OR gates 521,
531, . . . and 571 use the same structure, the digital data
generated by the time-to-digital converter 42 and the control
signals of the digitally-controlled clock generator 11 may be
mutually corresponding through a simple logic so as to
reduce the operation delay and the hardware complexity.

Please refer to FIG. 3, which is a schematic diagram show-
ing an all-digital clock generator 70 according to one embodi-
ment of the present invention. As shown, the all-digital clock
generator 70 includes a digitally-controlled clock generator
11 anda processing unit 71 coupled to the digitally-controlled
clock generator 11. The digitally-controlled clock generator
11 generates a clock signal CK12 in response to an enable
signal EN1 and a digital signal BN1. The processing unit 71
has a frequency multiplier NU1 and a reference signal RB1,
wherein the reference signal RB1 has a period TB1. The
processing unit 71 digitizes the period TB1 to generate a
quantized signal SQI, generates the digital signal BN1
according to the quantized signal SQ1 and the frequency
multiplier NU1, and generates the enable signal EN1 accord-
ing to the reference signal RB1, the clock signal CK12 and the
frequency multiplier NU1. For instance, the digital signal
BN1 includes a plurality of binary signals BN11, BN12, . . .,
BN17 and BN18.

For instance, the all-digital clock generator 70 has at least
an enable signal (EN8 and possible ones EN2, . . . and EN7)
and at least a digital signal (BN8 and possible ones BN2, . ..
and BN7), and further includes at least a digitally-controlled
clock generator (18 and possible ones 12, .. . and 17). The at
least a digitally-controlled clock generator (18 and possible
ones 12, . . . and 17) generates at least a clock signal (CK82
and possible ones CK22, . . . and CK72) in response to the at
least an enable signal (EN8 and possible ones EN2, . . . and
EN7) and the at least a digital signal (BN8 and possible ones
BN2,...and BN7). For instance, the reference signal RB1 has
a frequency fbl being a reciprocal of the period TB1. The
processing unit 71 has the reference signal RB1 and a plural-
ity of frequency multipliers NU1, NU2, ... , NU7 and NUS,
and generates a plurality of control signals UC1, UC2, . . .,
UC7 and UCS8 according to the reference signal RB1 and the
plurality of frequency multipliers NU1, NU2, . . ., NU7 and
NUS8, wherein the plurality of frequency multipliers NUT,
NU2, ... ,NU7 and NUS are the same or different.

The plurality of digitally-controlled clock generators 11,
12,...,17 and 18 generate a plurality of clock signals CK12,
CK22,...,CK72 and CK82 in response to the plurality of
respective control signals UC1, UC2, ..., UC7 and UCS8. The
plurality of control signals UC1, UC2, . .., UCT7 and UC$
respectively correspond to the plurality of frequency multi-
pliers NU1,NU2,...,NU7 and NUS, respectively include the
plurality of enable signals EN1, EN2, ..., EN7 and EN8, and
further respectively include the plurality of digital signals
BN1,BN2,..., BN7 and BN8. The plurality of clock signals
CK12, CK22, . . ., CK72 and CK82 respectively have a
plurality of frequency fc12, fc22, . . ., fc72 and {c82, and the
plurality of frequency fc12, fc22, . . ., fc72 and fc82 respec-
tively have a plurality of frequency relations
(fc12~tb1*NU1), (fc22~tb1*NU2), . . ., ({c72~tb1*NU7)
and (fc82~fb1*NUS8), wherein the symbol =~ indicate an
equaling operation with an error range.

For instance, the processing unit 71 includes a multiplexer
81, a time-to-digital converting module 82 and a control unit
83, wherein the time-to-digital converting module 82 is
coupled to the multiplexer 81, and the control unit 83 is
coupled to the time-to-digital converting module 82. The
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8

multiplexer 82 receives a plurality of input signals RG1,
RG2,...and RG8 and a selection signal SS1, and selects one
of the plurality of input signals RG1, RG2, . . . and RG8 to
form the reference signal RB1 according to the selection
signal SS1. For instance, the plurality of input signals RG1,
RG2....and RG8are a plurality of clock signals, and any two
of the plurality of input signals RG1,RG2, .. . and RG8 have
frequencies being different therebetween. The time-to-digital
converting module 82 digitizes the period TB1 to generate the
quantized signal SQ1 in response to the reference signal RB1.

The control unit 83 has the frequency multiplier NU1, and
generates the enable signal EN1 and the digital signal BN1
according to the reference signal RB1, the frequency multi-
plier NU1, the quantized signal SQ1 and the clock signal
CK12, wherein the control unit 83 further has at least a
frequency multiplier (NU8 and possible ones NU2, . . . and
NU7), and generates the at least an enable signal (EN8 and
possible ones EN2, . . . and EN7) and the at least a digital
signal (BN8 and possible ones BN2, . .. and BN7) according
to the reference signal RB1, the at least a frequency multiplier
(NUS and possible ones NU2, . . . and NU7), the quantized
signal SQ1 and the at least a clock signal (CK82 and possible
ones CK22, ... and CK72).

For instance, the control unit 83 generates the plurality of
control signals UC1,UC2, ..., UC7 and UC8 according to the
reference signal RB1, the plurality of frequency multipliers
NU1,NU2,...,NU7 and NUS, the quantized signal SQ1 and
the plurality of clock signals CK12, CK22, ..., CK72 and
CK82, wherein the plurality of control signals UCI,
UC2, ..., UCT and UC8 include the enable signal EN1, the
at least an enable signal (EN8 and possible ones EN2, ... and
EN7), the digital signal BN1 and the at least a digital signal
(BN8 and possible ones BN2, . . . and BN7).

The time-to-digital converting module 82 includes a clock
regenerator 821 and a time-to-digital converter 42 coupled to
the clock regenerator 821. The clock regenerator 821 gener-
ates a clock signal KA21 in response to the reference signal
RB1, wherein the reference signal RB1 has a first character-
istic time point and a second characteristic time point to
define the period TB1. For instance, the first and the second
characteristic time points are characterized by two neighbor-
ing rising edges of the reference signal RB1, respectively. The
clock signal KA21 has a characteristic time interval TA1 and
a pulse WS1. The pulse WS1 has a pulse duration TL1, and
the pulse duration TL1 starts at the first characteristic time
point and stops at the second characteristic time point. For
instance, the characteristic time interval TA1 is the pulse
duration TL1 and is applied to determining the period TB1.
For instance, the period of the clock signal KA21 is 2 times as
large as the period TB1.

The time-to-digital converter 42 digitizes the pulse dura-
tion TL1 to generate the quantized signal SQ1 in response to
the clock signal KA21, wherein the quantized signal SQ1
includes a quantized value VQ1. The control unit 83 includes
a divider 831, a decoder 832 and a counter 833, wherein the
decoder 832 is coupled to the divider 831, and the counter 833
is coupled to the decoder 832 through at least one of the
plurality of digitally-controlled clock generators 11,12, .. .,
17 and 18.

The divider 831 generates a quotient signal SP1. The quo-
tient signal SP1 includes a quotient VP1 and at least a quotient
(VP8 and possible ones VP2, . . . and VP7), wherein the
quotient VP1 and the at least a quotient (VP8 and possible
ones VP2, . .. and VP7) correspond to the frequency multi-
plier NU1 and the at least a frequency multiplier (NU8 and
possible ones NU2, . . . and NU7), respectively. The divider
831 performs a division operation according to the quantized
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value VQ1 and the frequency multiplier NU1 for generating
the quotient VP1, and performs at least a division operation
according to the quantized value VQ1 and the at least a
frequency multiplier (NU8 and possible ones NU2, . . . and
NU7) for generating the at least a quotient (VP8 and possible
ones VP2, . .. and VP7). The frequency multiplier NU1 and
the at least a frequency multiplier (NU8 and possible ones
NU2, . .. and NU7) are a first divisor and at least a second
divisor, respectively, and the quantized value VQ1 serves as a
dividend for the first divisor and the at least a second divisor.
For instance, the plurality of quotients VP1, VP2, . .., VP7
and VP8 are a plurality of integers, and are the same or
different.

The decoder 832 generates the digital signal BN1 and the at
least a digital signal (BN8 and possible ones BN2, . . . and
BN7) according to the quotient signal SP1, wherein the quo-
tient VP1 and the at least a quotient (VP8 and possible ones
VP2, .. .and VP7) correspond to the digital signal BN1 and
the at least a digital signal (BN8 and possible ones BN2, .. .
and BN7), respectively. The counter 833 generates the enable
signal EN1 according to the reference signal RB1, the fre-
quency multiplier NU1 and the clock signal CK12, and gen-
erates the at least an enable signal (EN8 and possible ones
EN2, ... and EN7) according to the reference signal RB1, the
at least a frequency multiplier (NU8 and possible ones
NU2, .. .and NU7) and the at least a clock signal (CK82 and
possible ones CK22, .. . and CK72). For instance, the divider
831 includes a plurality of shift registers. For instance, the
frequency multiplier NU1 and the at least a frequency multi-
plier (NU8 and possible ones NU2, . . . and NU7) are a first
exponentiation 2”" and at least a second exponentiation 2™,
respectively, wherein N1 and N2 are a first positive integer
and a second positive integer, respectively.

The reference signal RB1 has a first reference edge and a
second reference edge lagged behind the first reference edge
by the period TB1. For instance, the first and the second
reference edges are two neighboring rising edges of the ref-
erence signal RB1, respectively. The counter 833, in response
to the first reference edge, causes the enable signal EN1 to
have an enable level so that the digitally-controlled clock
generator 11 makes a first series of level oscillations, and
causes the counter 833 to begin to count the clock signal
CK12. The counter 833 counts the clock signal CK12 from
the first reference edge to determine a period number, and
when the period number and the frequency multiplier NU1
has a specific relation therebetween, the digitally-controlled
clock generator 11 stops the first series of level oscillations.
For instance, the counter 833 causes the enable signal EN1 to
have a disable level when the period number reaches the
frequency multiplier NU1 or the specific relation is satisfied,
wherein the disable level causes the digitally-controlled clock
generator 11 to stop the first series of level oscillations.

The counter 833 causes the digitally-controlled clock gen-
erator 11 to renew a second series of level oscillations when
the second reference edge appears in the reference signal
RB1. The counter 833 restarts to count the clock signal CK12
in response to the second reference edge. The operation
between the counter 833 and any of the plurality of digitally-
controlled clock generators 12, ..., 17 and 18 is similar to that
between the counter 833 and the digitally-controlled clock
generator 11.

As shown in FIG. 3, the clock regenerator 821 generates
the pulse WS1. The pulse duration TL1 of the pulse WS1 is
derived from or equal to the period TB1 of the reference
signal RB1 for avoiding the problem of the unbalanced duty
cycle in the reference signal RB1. The time-to-digital con-
verter 42 quantizes the period TB1; under this condition, the
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quantized value VQ1 measured by the time-to-digital con-
verter 42 will not be affected by the duty ratio of the reference
signal RB1. The divider 831 receives the quantized value
VQ1 generated by the time-to-digital converter 42, and gen-
erates the quotients respectively near to or equal to the values
VQI/NUL, VQI/NU2, . . ., VQI/NU7 and VQ1/NUS. For
instance, the divider 831 is implemented by a plurality of shift
registers. For instance, the plurality of frequency multipliers
NU1, NU2, .. ., NU7 and NUS are a plurality of positive-
integer powers of 2.

The decoder 832 converts the plurality of respective quo-
tients VP1, VP2, ..., VP7 and VP8 into the plurality of digital
signals BN1,BN2, ..., BN7 and BN8. The plurality of digital
signals BN1, BN2, ..., BN7 and BN8 respectively control the
plurality of digitally-controlled clock generators 11,12, .. .,
17 and 18 to generate the plurality of clock signals CK12,
CK22, ..., CK72 and CK82. When a rising edge of the
reference signal RB1 triggers the plurality of clock signals
CK12, CK22, . .., CK72 and CK82 to have pulses, the
counter 833 begins to count. For instance, when the counted
period number of the clock signal CK12 of the digitally-
controlled clock generators 11 reaches the frequency multi-
plier NU1, the digitally-controlled clock generators 11 stops
generating pulses of the clock signal CK12. When the next
rising edge triggers the digitally-controlled clock generators
11, the digitally-controlled clock generators 11 can begin to
generate pulses of the clock signal CK12 anew and the
counter 833 restarts to count. Employing m digitally-con-
trolled clock generators, clock signals respectively having m
different frequencies may be generated for use in different
domains of a system, wherein m is a positive integer.

As shown in FIG. 3, high-speed multiple clock signals can
be generated by employing the architecture of the all-digital
clock generator 70 with the lower hardware cost, and the
all-digital clock generator 70 is a fast-adjustable multiple-in-
multiple-out semi-synchronous clock generator. The all-digi-
tal clock generator 70 is implemented by an all-digital circuit.
When the user gives the reference signal RB1, the reference
signal RB1 can cause the all-digital clock generator 70 to
generate a clock signal by changing a specific frequency
multiplier so that the frequency of the clock signal is approxi-
mate to a specific frequency, wherein the specific frequency is
established by multiplying the changed frequency multiplier
by the frequency b1 of the reference signal RB1.

As shown in FIG. 3, the all-digital clock generator 70 can
rapidly adjust the oscillation frequency of the digitally-con-
trolled clock generator 11, and utilizes the processing unit 71
to generate the plurality of control signals UC1, UC2, . . .,
UC7 and UCS8, which respectively control the plurality of
digitally-controlled clock generators 11,12, ..., 17 and 18,
for outputting arbitrarily different combinations of clock sig-
nals. The all-digital clock generator 70 supports the inputs of
the plurality of input signals RG1, RG2, . .. and RG8, may
simultaneously control plural groups of outputs having arbi-
trary multiples of the frequencies of the plurality of input
signals RG1, RG?2, .. . and RG8, and may be flexibly applied
to the multi-rate clock domain design.

Please refer to FIG. 4(a) and FIG. 4(b), which are sche-
matic diagrams respectively showing a first group of wave-
forms and a second group of waveforms of the all-digital
clock generator 70 in FIG. 3 according to embodiments of the
present invention. In FIG. 4(a), the first group of waveforms
includes waveforms of the reference signal RB1 and the two
clock signals CK12 and CK22. In FIG. 4(a), the reference
signal RB1 is the input signal RG1; that is, the multiplexer 82
selects the input signal RG1 of the plurality of input signals
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RG1, RG2, . . . and RG8 to form the reference signal RB1
according the selection signal SS1, wherein the input signal
RG1 has a frequency fgl.

In FIG. 4(b), the second group of waveforms includes
waveforms of the reference signal RB1 and the two clock
signals CK72 and CK82. In FIG. 4(b), the reference signal
RB1 s the input signal RG8; that is, the multiplexer 82 selects
the input signal RG8 of the plurality of input signals RG1,
RG2, ...and RG8to form the reference signal RB1 according
the selection signal SS1, wherein the input signal RG8 has a
frequency fg8. As shown in FIG. 4(a) and FIG. 4(b), the
frequency fgl is higher than the frequency fg8. As shown in
FIG. 4(a), the reference signal RB1 has two neighboring
periods TB5 and TB6. The clock signal CK12 has a frequency
v5 in the period TB5, the clock signal CK12 has a frequency
v6 in the period TB6, and the frequencies fv5 and fv6 may be
different by changing the frequency multiplier NU1. Addi-
tionally, the all-digital clock generator 70 may be configured
to set the respective multipliers anew, which are the ratios of
the respective output frequencies of the plurality of digitally-
controlled clock generators 11, 12, .. ., 17 and 18 to the
reference frequency (such as the frequency fbl), for each
period of the reference signal RB1.

Embodiments

1. An all-digital clock generator includes a first digitally-
controlled clock generator and a processing unit. The first
digitally-controlled clock generator generates a first clock
signal in response to a first enable signal and a first digital
signal. The processing unit has a first frequency multiplier
and a reference signal having a period, digitizes the period to
generate a quantized signal, generates the first digital signal
according to the quantized signal and the first frequency
multiplier, and generates the first enable signal according to
the reference signal, the first clock signal and the first fre-
quency multiplier.

2. The all-digital clock generator of embodiment 1 has at
least a second enable signal and at least a second digital
signal, and further includes at least a second digitally-con-
trolled clock generator, wherein the at least a second digitally-
controlled clock generator generates at least a second clock
signal in response to the second enable signal and the second
digital signal.

3. The all-digital clock generator of embodiments 1-2
wherein the processing unit includes a multiplexer, a time-to-
digital converting module and a control unit. The multiplexer
receives a plurality of input signals and a selection signal, and
selects one of the plurality of input signals to form the refer-
ence signal according to the selection signal. The time-to-
digital converting module digitizes the period to generate the
quantized signal in response to the reference signal. The
control unit has the first frequency multiplier, and generates
the first enable signal and the first digital signal according to
the reference signal, the first frequency multiplier, the quan-
tized signal and the first clock signal, wherein the control unit
further has at least a second frequency multiplier, and gener-
ates the at least a second enable signal and the at leasta second
digital signal according to the reference signal, the second
frequency multiplier, the quantized signal and the second
clock signal.

4. The all-digital clock generator of embodiments 1-3
wherein the time-to-digital converting module includes a
clock regenerator and a time-to-digital converter. The clock
regenerator generates a third clock signal in response to the
reference signal, wherein the reference signal has a first char-
acteristic time point and a second characteristic time point to
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define the period, the third clock signal has a pulse having a
pulse duration, and the pulse duration starts at the first char-
acteristic time point and stops at the second characteristic
time point. The time-to-digital converter digitizes the pulse
duration to generate the quantized signal in response to the
third clock signal, wherein the quantized signal includes a
quantized value.

5. The all-digital clock generator of embodiments 1-4
wherein the time-to-digital converter includes an oscillation
unit and a quantizing unit. The oscillation unit generates an
oscillation signal in response to the third clock signal. The
quantizing unit generates a cycle-counting signal in response
to the oscillation signal, samples the oscillation signal to
generate a data signal in response to the third clock signal, and
digitizes the pulse duration according to the cycle-counting
signal and the data signal.

6. The all-digital clock generator of embodiments 1-5
wherein the control unit includes a divider, a decoder and a
counter. The divider generates a quotient signal, wherein the
quotient signal includes a first quotient and at least a second
quotient respectively corresponding to the first frequency
multiplier and the at least a second frequency multiplier; the
divider performs a first division operation according to the
quantized value and the first frequency multiplier for gener-
ating the first quotient, and performs at least a second division
operation according to the quantized value and the second
frequency multiplier for generating the second quotient; the
first frequency multiplier and the second frequency multiplier
are a first divisor and a second divisor, respectively; and the
quantized value serves as a dividend for the first divisor and
the second divisor. The decoder generates the first digital
signal and the at least a second digital signal according to the
quotient signal, wherein the first quotient and the second
quotient correspond to the first digital signal and the second
digital signal, respectively. The counter generates the first
enable signal according to the reference signal, the first fre-
quency multiplier and the first clock signal, and generates the
at least a second enable signal according to the reference
signal, the second frequency multiplier and the second clock
signal.

7. The all-digital clock generator of embodiments 1-6
wherein the divider includes a plurality of shift registers; and
the first frequency multiplier and the second frequency mul-
tiplier are a first exponentiation 2™ and a second exponen-
tiation 2*?, respectively, wherein N1 and N2 are a first posi-
tive integer and a second positive integer, respectively.

8. The all-digital clock generator of embodiments 1-7
wherein the reference signal has a first reference edge and a
second reference edge lagged behind the first reference edge
by the period; the counter, in response to the first reference
edge, causes the first enable signal to have an enable level so
that the first digitally-controlled clock generator makes a first
series of level oscillations, and causes the counter to begin to
count the first clock signal; the counter counts the first clock
signal from the first reference edge to determine a period
number; the counter causes the first enable signal to have a
disable level when the period number reaches the first fre-
quency multiplier, wherein the disable level causes the first
digitally-controlled clock generator to stop the first series of
level oscillations; the counter causes the first digitally-con-
trolled clock generator to renew a second series of level
oscillations when the second reference edge appears in the
reference signal; and the counter restarts to count the first
clock signal in response to the second reference edge.

9. The all-digital clock generator of embodiments 1-8
wherein the first digital signal includes a plurality of binary
signals, and the first digitally-controlled clock generator
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includes a signal generating unit, a plurality of delay control
units and a NOT gate. The signal generating unit generates a
second clock signal in response to the first enable signal and
a first signal. The plurality of delay control units, in response
to the second clock signal and the plurality of binary signals,
determines whether the respective second clock signal passes
through the plurality of respective delay control units for
forming the first signal. The NOT gate generates the first
clock signal in response to the second clock signal.

10. A time-to-digital converter includes an oscillation unit
and a quantizing unit. The oscillation unit generates an oscil-
lation signal in response to a first clock signal, wherein the
first clock signal has a characteristic time interval. The quan-
tizing unit generates a cycle-counting signal in response to the
oscillation signal, samples the oscillation signal to generate a
data signal in response to the first clock signal, and digitizes
the characteristic time interval according to the cycle-count-
ing signal and the data signal.

11. The time-to-digital converter of embodiment 10 is
applied to an all-digital clock generator, wherein the oscilla-
tion signal includes a second clock signal and a third clock
signal, and the oscillation unit includes a delay module and a
latch unit. The delay module generates the third clock signal
in response to the first clock signal and a feedback signal,
wherein the third clock signal includes a plurality of clock
sub-signals, and the plurality of clock sub-signals include a
first clock sub-signal and at least a second clock sub-signal.
The latch unit generates the feedback signal and the second
clock signal in response to an enable signal and the second
clock sub-signal.

12. The time-to-digital converter of embodiment 10-11
wherein the delay module includes a first delay unit and at
least a second delay unit. The first delay unit performs a
logical AND operation according to the feedback signal and
the first clock signal for generating the first clock sub-signal.
The at least a second delay unit performs at least alogical OR
operation in response to the first clock sub-signal and a pre-
determined-level signal for generating the second clock sub-
signal.

13. The time-to-digital converter of embodiment 10-12
wherein the predetermined-level signal is a low-level signal;
the latch unit includes a D latch having an enable control
terminal, a data input terminal, a data output terminal and an
inverting data output terminal, wherein the enable control
terminal receives the enable signal, the data input terminal
receives the second clock sub-signal, the data output terminal
transmits the second clock signal, and the inverting data out-
put terminal transmits the feedback signal; the first clock
signal further has two neighboring edges, and the character-
istic time interval is a period between the two neighboring
edges; any two selected from a group consisting of the second
clock signal and the plurality of clock sub-signals have a
phase difference therebetween; and the first delay unit, the
second delay unit and the latch unit have a path thereamong,
and are connected in series through the path.

14. The time-to-digital converter of embodiment 10-13
wherein the data signal includes a plurality of binary signals;
the first clock signal further has a pulse, wherein the pulse has
the two neighboring edges and a pulse duration, and the
characteristic time interval is the pulse duration; the cycle-
counting signal is generated according to the second clock
signal; the plurality of clock sub-signals are simultaneously
sampled according to the first clock signal for generating the
plurality of respective binary signals; and the characteristic
time interval is digitized to generate a quantized signal
according to the cycle-counting signal and the data signal.
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15. A digitally-controlled clock generator includes a signal
generating unit and a plurality of delay control units. The
signal generating unit generates a first clock signal in
response to a first signal. The plurality of delay control units,
in response to the first clock signal, determines whether the
first respective clock signal passes through the plurality of
respective delay control units for forming the first signal.

16. The digitally-controlled clock generator of embodi-
ment 15 is applied to an all-digital clock generator, wherein
the first clock signal is generated further in response to an
enable signal; whether the first respective clock signal passes
through the plurality of respective delay control units is deter-
mined further in response to a plurality of binary signals; the
first signal includes a plurality of sub-signals; the plurality of
sub-signals are one of same sub-signal and different sub-
signals; the enable signal determines a first time interval and
a second time interval being selective and adjacent to the first
time interval, wherein the first clock signal is level-oscillatory
in the first time interval and is level-stable in the second time
interval; and each of the plurality of delay control units
receives the first clock signal, and the plurality of delay con-
trol units further receive the plurality of binary signals,
respectively, and respectively perform a plurality of logical
AND operations according to the first clock signal and the
plurality of respective binary signals for respectively gener-
ating the plurality of sub-signals, wherein the plurality of
sub-signals include a first sub-signal and at least a second
sub-signal.

17. The digitally-controlled clock generator of embodi-
ment 15-16 wherein the signal generating unit includes a
delay module and a first delay unit. The delay module gener-
ates a second signal in response to the first signal. The first
delay unit performs a logical NAND operation according to
the enable signal and the second signal for generating the first
clock signal.

18. The digitally-controlled clock generator of embodi-
ment 15-17 wherein the delay module includes a second
delay unit and at least a third delay unit. The second delay unit
performs a first logical OR operation in response to a third
signal and the first sub-signal for generating a fourth signal.
The at least a third delay unit has a fifth signal associated with
the fourth signal, and performs a second logical OR operation
in response to the fifth signal and the second sub-signal for
generating the second signal.

19. The digitally-controlled clock generator of embodi-
ment 15-18 wherein the third signal is a low-level signal; and
the second delay unit, the third delay unit and the first delay
unit have a path thereamong, and are connected in series
through the path.

20. The digitally-controlled clock generator of embodi-
ment 15-19 further includes a NOT gate, wherein the NOT
gate generates a second clock signal in response to the first
clock signal.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiments. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims, which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. An all-digital clock generator, comprising:

a first digitally-controlled clock generator generating a first

clock signal in response to a first enable signal and a first
digital signal; and
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a processing unit having a first frequency multiplier and a
reference signal having a period, digitizing the period to
generate a quantized signal, generating the first digital
signal according to the quantized signal and the first
frequency multiplier, and generating the first enable sig-
nal according to the reference signal, the first clock
signal and the first frequency multiplier.

2. An all-digital clock generator according to claim 1,
having at least a second enable signal and at least a second
digital signal, and further comprising at least a second digi-
tally-controlled clock generator, wherein the at least a second
digitally-controlled clock generator generates at least a sec-
ond clock signal in response to the second enable signal and
the second digital signal.

3. An all-digital clock generator according to claim 2,
wherein the processing unit comprises:

a multiplexer receiving a plurality of input signals and a
selection signal, and selecting one of the plurality of
input signals to form the reference signal according to
the selection signal;

atime-to-digital converting module digitizing the period to
generate the quantized signal in response to the refer-
ence signal; and

a control unit having the first frequency multiplier, and
generating the first enable signal and the first digital
signal according to the reference signal, the first fre-
quency multiplier, the quantized signal and the first
clock signal, wherein the control unit further has at least
asecond frequency multiplier, and generates the at least
a second enable signal and the at least a second digital
signal according to the reference signal, the second fre-
quency multiplier, the quantized signal and the second
clock signal.

4. An all-digital clock generator according to claim 3,

wherein the time-to-digital converting module comprises:

a clock regenerator generating a third clock signal in
response to the reference signal, wherein the reference
signal has a first characteristic time point and a second
characteristic time point to define the period, the third
clock signal has a pulse having a pulse duration, and the
pulse duration starts at the first characteristic time point
and stops at the second characteristic time point; and

a time-to-digital converter digitizing the pulse duration to
generate the quantized signal in response to the third
clock signal, wherein the quantized signal includes a
quantized value.

5. An all-digital clock generator according to claim 4,

wherein the time-to-digital converter comprises:

an oscillation unit generating an oscillation signal in
response to the third clock signal; and

a quantizing unit generating a cycle-counting signal in
response to the oscillation signal, sampling the oscilla-
tion signal to generate a data signal in response to the
third clock signal, and digitizing the pulse duration
according to the cycle-counting signal and the data sig-
nal.

6. An all-digital clock generator according to claim 4,

wherein the control unit comprises:
a divider generating a quotient signal, wherein:
the quotient signal includes a first quotient and at least a
second quotient respectively corresponding to the
first frequency multiplier and the at least a second
frequency multiplier,

the divider performs a first division operation according
to the quantized value and the first frequency multi-
plier for generating the first quotient, and performs at
least a second division operation according to the
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quantized value and the second frequency multiplier
for generating the second quotient,

the first frequency multiplier and the second frequency
multiplier are a first divisor and a second divisor,
respectively: and

the quantized value serves as a dividend for the first
divisor and the second divisor;

a decoder generating the first digital signal and the at least
a second digital signal according to the quotient signal,
wherein the first quotient and the second quotient corre-
spond to the first digital signal and the second digital
signal, respectively; and

a counter generating the first enable signal according to the
reference signal, the first frequency multiplier and the
first clock signal, and generating the at least a second
enable signal according to the reference signal, the sec-
ond frequency multiplier and the second clock signal.

7. An all-digital clock generator according to claim 6,

wherein:

the divider includes a plurality of shift registers; and

the first frequency multiplier and the second frequency
multiplier are a first exponentiation 2N1 and a second
exponentiation 2N2, respectively, wherein N1 and N2
are a first positive integer and a second positive integer,
respectively.

8. An all-digital clock generator according to claim 6,

wherein:

the reference signal has a first reference edge and a second
reference edge lagged behind the first reference edge by
the period;

the counter, in response to the first reference edge, causes
the first enable signal to have an enable level so that the
first digitally-controlled clock generator makes a first
series of level oscillations, and causes the counter to
begin to count the first clock signal;

the counter counts the first clock signal from the first ref-
erence edge to determine a period number;

the counter causes the first enable signal to have a disable
level when the period number reaches the first frequency
multiplier, wherein the disable level causes the first digi-
tally-controlled clock generator to stop the first series of
level oscillations;

the counter causes the first digitally-controlled clock gen-
erator to renew a second series of level oscillations when
the second reference edge appears in the reference sig-
nal; and

the counter restarts to count the first clock signal in
response to the second reference edge.

9. An all-digital clock generator according to claim 1,

wherein the first digital signal includes a plurality of binary
signals, and the first digitally-controlled clock generator
comprises:

a signal generating unit generating a second clock signal in
response to the first enable signal and a first signal;

a plurality of delay control units, in response to the second
clock signal and the plurality of binary signals, deter-
mining whether the respective second clock signal
passes through the plurality of respective delay control
units for forming the first signal; and

a NOT gate generating the first clock signal in response to
the second clock signal.

10. A time-to-digital converter, comprising:

an oscillation unit generating an oscillation signal in
response to a first clock signal, wherein the first clock
signal has a characteristic time interval; and

a quantizing unit generating a cycle-counting signal in
response to the oscillation signal, sampling the oscilla-
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tion signal to generate a data signal in response to the
first clock signal, and digitizing the characteristic time
interval according to the cycle-counting signal and the
data signal.

11. A time-to-digital converter according to claim 10,
applied to an all-digital clock generator, wherein the oscilla-
tion signal includes a second clock signal and a third clock
signal, and the oscillation unit comprises:

a delay module generating the third clock signal in
response to the first clock signal and a feedback signal,
wherein the third clock signal includes a plurality of
clock sub-signals, and the plurality of clock sub-signals
include a first clock sub-signal and at least a second
clock sub-signal; and

a latch unit generating the feedback signal and the second
clock signal in response to an enable signal and the
second clock sub-signal.

12. A time-to-digital converter according to claim 11,

wherein the delay module comprises:

a first delay unit performing a logical AND operation
according to the feedback signal and the first clock sig-
nal for generating the first clock sub-signal; and

atleast a second delay unit performing at least a logical OR
operation in response to the first clock sub-signal and a
predetermined-level signal for generating the second
clock sub-signal.

13. A time-to-digital converter according to claim 12,

wherein:

the predetermined-level signal is a low-level signal;

the latch unit includes a D latch having an enable control
terminal, a data input terminal, a data output terminal
and an inverting data output terminal, wherein the enable
control terminal receives the enable signal, the data
input terminal receives the second clock sub-signal, the
data output terminal transmits the second clock signal,
and the inverting data output terminal transmits the feed-
back signal;

the first clock signal further has two neighboring edges,
and the characteristic time interval is a period between
the two neighboring edges;

any two selected from a group consisting of the second
clock signal and the plurality of clock sub-signals have a
phase difference therebetween; and

the first delay unit, the second delay unit and the latch unit
have a path thereamong, and are connected in series
through the path.

14. A time-to-digital converter according to claim 13,

wherein:

the data signal includes a plurality of binary signals;

the first clock signal further has a pulse, wherein the pulse
has the two neighboring edges and a pulse duration, and
the characteristic time interval is the pulse duration;

the cycle-counting signal is generated according to the
second clock signal,

the plurality of clock sub-signals are simultaneously
sampled according to the first clock signal for generating
the plurality of respective binary signals; and

the characteristic time interval is digitized to generate a
quantized signal according to the cycle-counting signal
and the data signal.
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15. A digitally-controlled clock generator, comprising:

a signal generating unit generating a first clock signal in
response to a first signal; and

aplurality of delay control units each receiving a respective
binary signal and, in response to the first clock signal and
the plurality of respective binary signals, respectively
performing a plurality of logical AND operations to
determine whether the first respective clock signal
passes through the plurality of respective delay control
units for forming the first signal.

16. A digitally-controlled clock generator according to

claim 15, applied to an all-digital clock generator, wherein:
the first clock signal is generated further in response to an
enable signal;

the first signal includes a plurality of sub-signals;

the plurality of sub-signals are one of same sub-signal and
different sub-signals;

the enable signal determines a first time interval and a
second time interval being selective and adjacent to the
first time interval, wherein the first clock signal is level-
oscillatory in the first time interval and is level-stable in
the second time interval; and

each of the plurality of delay control units receives the first
clock signal, and the plurality of delay control units
receive the plurality of binary signals, respectively, and
respectively perform the plurality oflogical AND opera-
tions according to the first clock signal and the plurality
of respective binary signals for respectively generating
the plurality of sub-signals, wherein the plurality of
sub-signals include a first sub-signal and at least a sec-
ond sub-signal.

17. A digitally-controlled clock generator according to

claim 16, wherein the signal generating unit comprises:

a delay module generating a second signal in response to
the first signal; and

a first delay unit performing a logical NAND operation
according to the enable signal and the second signal for
generating the first clock signal.

18. A digitally-controlled clock generator according to

claim 17, wherein the delay module comprises:

a second delay unit performing a first logical OR operation
in response to a third signal and the first sub-signal for
generating a fourth signal; and

at least a third delay unit having a fifth signal associated
with the fourth signal, and performing a second logical
OR operation in response to the fifth signal and the
second sub-signal for generating the second signal.

19. A digitally-controlled clock generator according to

claim 18, wherein:

the third signal is a low-level signal; and

the second delay unit, the third delay unit and the first delay
unit have a path thereamong, and are connected in series
through the path.

20. A digitally-controlled clock generator according to
claim 15, further comprising a NOT gate, wherein the NOT
gate generates a second clock signal in response to the first
clock signal.



