US 20090278617A1

a2 Patent Application Publication (o) Pub. No.: US 2009/0278617 A1

a9y United States

Lee et al.

(43) Pub. Date: Nov. 12, 2009

(54) CRYSTAL-LESS COMMUNICATIONS
DEVICE AND SELF-CALIBRATED
EMBEDDED VIRTUAL CRYSTAL CLOCK
GENERATION METHOD

(75) Inventors: Chen-Yi Lee, Hsinchu (TW);

Jui-Yuan Yu, Hsinchu (TW)

Correspondence Address:

Eschweiler & Associates LLC

National City Bank Building

629 Euclid Avenue, Suite 1000

Cleveland, OH 44114 (US)
(73) Assignee: National Chiao Tung University,
Hsinchu (TW)

(21) Appl. No.: 12/180,176
(22) Filed: Jul. 25, 2008
(30) Foreign Application Priority Data

May 12,2008 (TW) wooovoioeeeseeeee e 97117423

Publication Classification

(51) Int.CL

GOIR 23/00 (2006.01)

H03J 7/04 (2006.01)
(52) US.Cl oo 331/44; 331/177R
(57) ABSTRACT

This invention discloses a crystal-less communication device
and self-calibrated embedded virtual crystal clock generation
method. In communication systems, the invention proposes a
crystal-less scheme in the device for wireless or wired-line
communications. The operation concepts are that the trans-
mitter Device-1 provides Device-2 a reference signal, and
Device-2 takes this signal to generate a local signal with the
similar frequency that has limited frequency error compared
with the one from Device-1. This invention is done via the
circuit-design methodology, so it can be implemented from
any kinds of circuit implementation processes, especially the
CMOS process. As a result, the hardware can be designed in
the way of highly integration and extremely low cost. Also,
this can largely change and improve existing communications
design architecture, hardware cost, and hardware area.
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CRYSTAL-LESS COMMUNICATIONS
DEVICE AND SELF-CALIBRATED
EMBEDDED VIRTUAL CRYSTAL CLOCK
GENERATION METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a communication
device, more particularly to a crystal-less communication
device and self-calibrated embedded virtual crystal clock
generation method.

[0003] 2. Description of the Prior Art

[0004] All kinds of wireless communications in today’s
electronic products, for example mobile phones, Wireless
Metropolitan Area Networks (WMAN), Wireless Local Area
Network (WLAN), Satellite Positioning Systems (GPS), and
Bluetooth, in addition to emphasize their ease of use and size
of appearance, the performance of those cannot be ignored
from the focus of research and development. There is no
doubt that the base technologies in transmit and receive com-
ponent are theirkey functions and play animportance key role
successfully.

[0005] Existing communications system designs require a
crystal to generate reference frequency for the whole system
for correct frequency and timing synchronizations in trans-
mitter and receiver. However, the area occupied and the cost
from a crystal is extremely large, as shown in FIG. 1. When
the communication devices 10 and 20 establish wireless com-
munication, the transmitter and receiver ends need to ensure
that the timing and frequency in both communication devices
10 and 20 are synchronized. In order to achieve this objective,
there must be a reference clock immune from the external
environment changes, like variances in the manufacturing
process, operating voltage and temperature. In order to get a
reference frequency away from external environment
changes, the current wireless transceivers are using an oscil-
lator 30 as a reference frequency. The oscillator 30 with the
basic physical characteristics can be a stable frequency
source. However, the oscillator 30 share its considerable size,
also its hardware price and mounting procedure are very
expensive.

[0006] Nowadays, existing crystal-less related technolo-
gies only achieve limited context about the oscillator. Those
technologies can control the frequency error generated by
oscillator in a certain range, but this range is only the proces-
sor related application can accept.

[0007] In the U.S. Pat. No. 6,219,797, A microprocessor
has an ability to operate via an external crystal oscillator or be
switched to operate in a low power mode via an internal ring
oscillator. This patent has the frequency error IAf1=2.5%
which is 625 times bigger than the communications system
can tolerate range (40 ppm), so it does not apply to commu-
nications devices.

[0008] IntheU.S.Pat.No. 6,219,797, an integrated crystal-
less device generates an output signal with the frequency of
the output signal dependent at least in part on a resistive
element. The provided circuitry for providing compensation
for the temperature coefficient of resistive element, the cir-
cuitry includes a bandgap reference and a resistive network.
This patent has the frequency error |AflZ2.5% which is 625
times bigger than the communications system can tolerate
range (40 ppm), so it also does not apply to communications
devices.
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[0009] Krishnakumar Sundaresan, et. Al., (IEEE I. Solid-
State Circuits, vol. 41, no. 2, pp. 433-442) reports on the
design and characterization of a process, temperature and
supply compensation technique for a 7-MHz clock oscillator
in a 0.25/spl mu/m, two-poly five-metal (2P5SM) CMOS pro-
cess. The paper has the frequency error |Af122.5% which is
625 times bigger than the communications system can toler-
ate range (40 ppm), so it is impossible to apply to communi-
cations devices.

[0010] In WBAN applications, we have ultra-low power
requirements for WSNs because of the portable and long
period body health monitor considerations. Although crystal-
less based system can reduce large power consumption, it
suffers a significant clock mismatch between the CPN and
WSNs that could damage the system performance because of
SCO and CFO. This clock mismatch is resulted from the PVT
issue when the ring oscillator is used. The existing crystal-
less oscillator that the programmers are designed in a manner
that in the absence of quartz crystal as a reference frequency
support, how to overcome the external environment param-
eters drift of the oscillator frequency error. And these were
related to the design of the microprocessor-related systems
and applications.

[0011] However, in a wired or wireless communication
systems, to send and receive signals successfully, the fre-
quency of error that transceivers can tolerate at both ends is
very low, so only to control the error of oscillator still cannot
achieve applications’ communication. In order to deal with
the clock mismatch issue between the CPN and WSNs, we
need to estimate the value ofthe mismatch and then “tune” or
“adjust” the ring oscillator toward the correct clock period.
Therefore, to find other solutions in communication systems
in the realization of a crystal-less technology must have
another thinking.

SUMMARY OF THE INVENTION

[0012] To solve the above-mentioned problem, the present
invention provides a crystal-less communication device for
wireless or wired-line communications, which adopts an
embedded virtual crystal to make communication device
operative without a physical crystal. The embedded virtual
crystal can be implemented from any kinds of circuit imple-
mentation processes, especially the CMOS process. As a
result, the hardware can be designed in the way of highly
integration and extremely low cost. Also, this can largely
change and improve existing communications design archi-
tecture, hardware cost, and hardware area.

[0013] To solve the above-mentioned problem, the present
invention provides a self-calibrated embedded virtual crystal
clock generation method in a communication device, the
self-calibrated and synchronization process will be finished
before the reference signal stops. After self-calibrated pro-
cess is finished, the embedded virtual crystal can provide
precise clock signals to other connected circuits in the crystal-
less communication device.

[0014] To achieve the above-mentioned objective, one
embodiment of the present invention provides a crystal-less
communication device, including a communication device
receiving signals transmitted from a remote communication
device and processing the signals with output pulses from an
embedded virtual crystal to generate signals for the commu-
nication device, wherein the signals are similar to oscillator’s
signals and make communication device operative.
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[0015] To achieve the above-mentioned objective, another
embodiment of the present invention provides a crystal-less
communication device, including: a frequency differentiation
unit receiving a first signal transmitted from a remote com-
munication device and processing the first signal to generate
a differential signal; an embedded virtual crystal oscillator
coupled to the frequency differentiation unit and receiving the
differential signal for calibration, and generating an output
pulse; and a synthesizer coupled to the frequency differentia-
tion unit and the embedded virtual crystal oscillator for
receiving and processing the output pulse, and generating a
second signal to the frequency differentiation unit.

[0016] To achieve the above-mentioned objective, another
embodiment of the present invention provides a self-cali-
brated embedded virtual crystal clock generation method in a
communication device, including: receiving a reference sig-
nal; comparing the reference signal and an output pulse from
an embedded virtual crystal oscillator in the communication
device; detecting the differential value between the reference
signal and the output pulse; calculating the differential value
1o generate a numeric error; and renewing the output pulse in
the embedded virtual crystal oscillator by using the numeric
error.

[0017] Other advantages of the present invention will
become apparent from the following description taken in
conjunction with the accompanying drawings, which are set
forth by way of illustration and example, to certainly embody
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing aspects and many of the accompany-
ing advantages of this invention will become more readily
appreciated as the same becomes better understood by refer-
ence to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein:
[0019] FIG. 1is adiagram illustrating a conventional com-
munication device with a crystal oscillator in a communica-
tion system;

[0020] FIG. 2 is a schematic diagram illustrating a crystal-
less communication device according to one embodiment of
the present invention;

[0021] FIG. 3 is a schematic diagram illustrating a detail
description for the crystal-less communication device in FIG.
2

[0022] FIG. 4 is a graph illustrating initial mismatch and
remaining frequency error after frequency detection with
various FFT lengths according to one embodiment of the
present invention; and

[0023] FIG. 5 is a flowchart of a self-calibrated embedded
virtual crystal clock generation method in a crystal-less com-
munication device according to one embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0024] The detailed explanation of the present invention is
described as following. The described preferred embodi-
ments are presented for purposes of illustrations and descrip-
tion, and they are not intended to limit the scope of the present
invention.

[0025] In communications systems, we have low area or
cost requirements. To meet these requirements, the present

Nov. 12, 2009

invention proposes a crystal-less scheme in the device for
wireless or wired-line communications.

[0026] A crystal-less communication device receives sig-
nals transmitted from a remote communication device and
processes the signals with output pulses from an embedded
virtual crystal to generate stable frequency signals for the
crystal-less communication device, wherein the stable fre-
quency signals are similar to oscillator’s signals and make
communication device operative. The crystal-less communi-
cation device and the remote communication device commu-
nicate in a wire-line or wireless communication system.
[0027] The present invention discloses the concept of a
“Virtual Crystal’ to prevent from the use of a real physical
crystal. This is achieved via the circuit-design methodology
to realize this required reference frequency. FIG. 2 is a sche-
matic diagram illustrating a crystal-less communication
device according to one embodiment of the present invention.
A remote communication device 60 transmits a reference
signal to the crystal-less communication device 40, in which
a frequency differentiation unit 43 receives the reference
signal and processes it to generate a differential signal to an
embedded virtual crystal 50. A local clock generator (not
shown) in the embedded virtual crystal 50 couples to a syn-
thesizer 45, which coupled to the frequency differentiation
unit 43, to provide output pulses for it. The frequency differ-
entiation unit 43 receives the reference signal and the output
signal from the synthesizer 45 to generate a differential signal
because of mismatch between two frequencies. If the differ-
ential signal has its error within the range that the base band
system can tolerate, then the differential signal is sent to the
signal decoding modulator 44; otherwise the embedded vir-
tual crystal 50 will receive and process it for frequency mis-
match recovery.

[0028] A filter 42 is coupled to the input end of the fre-
quency differentiation unit 43 to remove noise signal compo-
nents in the reference signal.

[0029] When the reference signal from the remote commu-
nication device 40 has error, the differential signal from the
frequency differentiation unit 43 will have frequency error or
phase error specifying their characteristics. So the present
invention uses the embedded virtual crystal 50 as an oscilla-
tor, which receives the differential signal and the output pulse
from the local clock generator to output an oscillating fre-
quency for clock mismatch recovery. The synthesizer 45
adjusts the output pulse in a receivable range to the frequency
differentiation unit 43. At last step, the signal decoding modu-
lator 44 coupled to the frequency differentiation unit 43
receives the differential signal, wherein the differential signal
is within a fixed margin of error; otherwise the signal decod-
ing modulator 44 will not be activated to decode the output
signal from the frequency differentiation unit 43.

[0030] FIG. 3 is a schematic diagram illustrating a detail
description for the crystal-less communication device in FIG.
2. The filter 51 is coupled to output end of the frequency
differentiation unit 43 to remove noise signal components in
output signals. A differential detector 52 coupled to the fre-
quency differentiation unit 43 for receiving the differential
signals can detect differences between the frequency of the
remote communication device 60 and crystal-less communi-
cation device 40 and generate a differential feature. A differ-
ential calculator 54 is coupled to the differential detector 52 to
receive the differential feature to generate a frequency error.
Then the frequency error is sent to a local clock generator 53
for adjustment to provide an output pulse to the synthesizer
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45, which receives and processes the output pulse and gener-
ate a signal to the frequency differentiation unit 43. If the
output pulse has its error range under the circumstance that
the frequency differentiation unit 43 can make down-conver-
sion of the signal from the remote communication device, the
signal decoding modulator 44 will begin decoding the signal
to generate data signal. The embedded virtual crystal 50 dis-
closed by the present invention can be implemented in a
circuit design to simulate all functions of a crystal oscillator
doing in the circuit. In some embodiments the embedded
virtual crystal 50 embodied in communications chips will has
smaller size and lower cost for the crystal-less communica-
tion device.

[0031] Referring to FIG. 3, the present invention can be
used in wireless communication system. The remote commu-
nication device 60 transmits a reference signal with precise
1.4 GHz frequency to the crystal-less communication device
40 as areference signal to “tune” or “adjust” the internal clock
frequency. As the crystal-less communication device 40 turns
on, the local clock generator 53 generates a 35 MHz f, ;...
clock pulse, which has a clock mismatch (€) controlled within
absolute value 0f 2.5%. The synthesizer 45 generates 40 times
of 1.4 GHz frequency f,,,, which has same clock mismatch
(lel=2.5%) as local clock generator 53 does.

[0032] Thelow pass filter 42 and the frequency differentia-
tion unit 43 make the reference signal down conversion to
Ry fore 22788 the equation (1).

Rygforer Pr(t) = synthesize r_out = reference_signal €8]

=cos[2n- 14G(1 + &)]r- cos(2n- 1 4Gt
1
= Ecos(Zfr- LAG o) +

1
5(:05[2/7- LAG- 2+ o)t

As €=2.5%, a low pass filter 51 with baseband 35 MHz
frequency filters off high frequency in equation (1), the output
of the low pass filter 51 is expressed as equation (2)

1 2
Rofrertpr(l) = 5005(2/7- LAG-&)

It shows the maximum of R ., ;- is 35 MHz if €=2.5%,
meaning the frequency of R g, ;»x can be calculated to
obtain clock mismatch (e). The differential detector 52 is
designed to detect the frequency between 56 kHz and 35
MHz. The frequency that the differential detector 52 detects
will provide the local clock generator 53 to adjust the output
frequency. The frequency for the differential detector 52 is
lower than 56 kHz; clock mismatch (€) is below the value 40
ppm specified by the system.

[0033] Accordingly the overall performance of embedded
virtual crystal 50 acts as a virtual crystal to recovery reference
clock within the margin of error required by the system.
[0034] In one embodiment, the differential detector 52 can
be realized by using an ADC circuit and a FFT circuit. As the
differential detector 52 receives R ;,, ; pr, the ADC circuit
samples R ;.. ; o t0 get digital signal that is transformed to
the FFT circuit. The output of FFT circuit is a signal spread in
frequency domain, which presents the frequency components
iR, ;,, 1 pr thus the frequency detection is done. Referring
the FIG. 4 is a graph illustrating initial mismatch and remain-
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ing frequency error after frequency detection with various
FFT lengths. The differential detector 52 with FFT
Length=4096 above (L5, L6, L7, L8) is capable of detecting
the frequency of R,,,.. ;pr and control the frequency error
below 40 ppm. Meaning the frequency error of 2.5% is lower
than 40 ppm.

[0035] According to the mention above, the present inven-
tion discloses operation concepts that the remote communi-
cation device (transmitter) provides crystal-less communica-
tion device (receiver) a reference signal, and crystal-less
communication device processes this signal to generate a
corresponding reference frequency, which matches the one
from the remote communication Device. The reference signal
is a crystal-like signal to provide the crystal-less communi-
cation device a operational frequency.

[0036] Referring FIG. 5 is a flowchart of a self-calibrated
embedded virtual crystal clock generation method in a crys-
tal-less communication device according to one embodiment
of the present invention. The method operating in communi-
cation system includes following steps: the step 831 receiving
a reference signal, a crystal-lass communication device
receives a reference signal from a remote communication
device; the step S32 filtering the reference signal, a filter
removes unwanted signal to extract the reference signal; step
S63 comparing between the local signal and the reference
signal, an output pulse from an embedded virtual crystal in
the communication device are compared with the reference
signal; step S64 detecting the differential value between the
reference signal and the output pulse; step S65 calculating the
differential value to generate a numeric error; step S66 renew-
ing the output pulse in the embedded virtual crystal oscillator
by using the numeric error; step S67 is the mismatch fre-
quency tolerated? After renewing the output pulse in the
embedded virtual crystal oscillator, if the output pulse’s error
is within a fix range then begin step S68 to encode the coming
signal, otherwise goes to step 563, S64, S65, S66 to continue
generating the next numeric error until the output pulse
matches the frequency of the communication system. The
output pulse after renewing step is a precise clock signal.
[0037] The numeric error is a frequency error or phase
error.

[0038] Inthe self-calibrated embedded virtual crystal clock
generation method, the self-calibrated and synchronization
process will be finished before the reference signal stops.
After self-calibrated process is finished, the embedded virtual
crystal can provide precise clock signals to other connected
circuits in the crystal-less communication device.

[0039] Therefore, in the condition of non-use of physical
oscillator, the present invention discloses the concept of
embedded virtual crystal, the use of the circuit design similar
to the way of oscillator’s frequency to be a reference clock
(shown in FIG. 2 and FIG. 3). The operation concepts are that
the transmitter provides the receiver a reference signal, and
receiver takes this reference signal to generate a correspond-
ing reference frequency, which matches the one from the
transmitter. As a result, the concept of a ‘Virtual Crystal’
prevents from the use of a real physical crystal. This is
achieved via the circuit-design methodology to realize this
required reference frequency, as shown in FIG. 2. By current
CMOS process, the present invention may be integrated in
one communication ship with other circuits to accomplish
small size and low cost purpose. This changes current circuit
design, which uses an isolate crystal, to bright an architecture
improvement.

[0040] Thoseskilled in the art can realize that the teachings
of the present invention as described hereinabove provides
circuitry that comprehends above. In order to maintain a
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successful communication link between the transceivers, the
frequency erroris controlled in the £20 ppm. Thus the present
invention in the non-use of crystal using system correction
method coupled with hardware approach, has the ability to
control the communications device to achieve the required
frequency accuracy. Regardless of how much frequency mis-
match the transceivers initially have at both ends, the inven-
tion of the method will convergence the frequency error to the
accuracy, to achieve further success of the communication.
[0041] Furthermore, this invention is done via the circuit-
design methodology, so it can be implemented from any kinds
of circuit implementation processes, especially the CMOS
process. As aresult, the hardware can be designed in the way
of highly integration and extremely low cost. Also, this can
largely change and improve existing communications design
architecture, hardware cost, and hardware area.

[0042] While the invention is susceptible to various modi-
fications and alternative forms, a specific example thereofhas
been shown in the drawings and is herein described in detail.
It should be understood, however, that the invention is not to
be limited to the particular form disclosed, but to the contrary,
the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the appended
claims.

What is claimed is:

1. A crystal-less communication device, comprising:

a communication device receiving signals transmitted
from a remote communication device and processing the
signals with output pulses from an embedded virtual
crystal to generate signals for the communication
device, wherein the signals are similar to oscillator’s
signals and make communication device operative.

2. The crystal-less communication device as claimed in
claim 1, wherein the crystal-less communication device and
the remote communication device communicate in a wire-
line or wireless communication system.

3. A crystal-less communication device, comprising:

a frequency differentiation unit receiving a first signal
transmitted from a remote communication device and
processing the first signal to generate a differential sig-
nal;

an embedded virtual crystal coupled to the frequency dif-
ferentiation unit and receiving the differential signal for
calibration, and generating an output pulse;

a synthesizer coupled to the frequency differentiation unit
and the embedded virtual crystal oscillator for receiving
and processing the output pulse, and generating a second
signal to the frequency differentiation unit.

4. The crystal-less communication device as claimed in
claim 3, further comprising a first filter coupled to the input
end of the frequency differentiation unit to remove noise
signal components in the first signal.

5. The crystal-less communication device as claimed in
claim 3, further comprising a signal decoding modulator
coupled to the frequency differentiation unit to receive the
differential signal, wherein the differential signal is within a
fixed margin of error.

6. The crystal-less communication device as claimed in
claim 3, wherein the embedded virtual crystal oscillator fur-
ther comprising:

a local clock generator for providing a pulse signal for the

crystal-less communication device;
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a differential detector coupled to the frequency differentia-
tion unit for receiving the differential signals to generate
a differential feature; and

a differential calculator coupled to the differential detector
for receiving the differential feature to generate an fre-
quency error.

7. The crystal-less communication device as claimed in
claim 6, further comprising a second filter coupled to output
end of the frequency differentiation unit to remove noise
signal components in the differential signal.

8. A self-calibrated embedded virtual crystal clock genera-
tion method in a communication device, comprising:

receiving a reference signal;

comparing the reference signal and an output pulse from an

embedded virtual crystal oscillator in the communica-
tion device;

detecting the differential value between the reference sig-

nal and the output pulse;

calculating the differential value to generate a numeric

error; and

renewing the output pulse in the embedded virtual crystal

oscillator by using the numeric error.

9. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, wherein the numeric error is a frequency error.

10. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, wherein the numeric error is a phase error.

11. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, wherein the reference signal is transmitted from a
remote communication device within a communication sys-
tem.

12. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, further comprising removing noise signal compo-
nents in the reference signal.

13. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, further comprising after renewing the output pulsein
the embedded virtual crystal oscillator, if the output pulse’s
error is within a fix range then begin encoding, otherwise
continue generating the next numeric error.

14. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, wherein the output pulse after renewing step is a
precise clock signal.

15. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, further comprising before the reference signal stops,
finishing the self-calibrated and synchronization process in
the embedded virtual crystal oscillator,

16. The self-calibrated embedded virtual crystal clock gen-
eration method in a communication device as claimed in
claim 8, further comprising after self-calibrated process in the
embedded virtual crystal oscillator is finished, the embedded
virtual crystal oscillator providing precise clock signals to
circuits in the communication device.
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