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APPARATUS FOR CONTROLLING
SENSITIVITY BY USING DIGITAL GATING
IN RECEIVER AND RECEIVER WITH THE

SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

[CROSS-REFERENCE TO RELATED APPLICA-
TION] CROSS REFERENCE TO RELATED APPLI-
CATION(S)

The present application is a Reissue Application from U.S.

Pat. No. 8,270,538 issued on Sep. 18, 2012 and filed May 18,
2009, which claims priority under 35 U.S.C. §119(a) to
Korean Patent Application Nos. 10-2008-0038656 filed on
Jun. 20, 2008 and 10-2008-0038657 filed on Jun. 20, 2008,
the [disclosure] disclosures of which [is] are hereby incorpo-
rated by reference 1n its entirety as if set forth fully herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication
system, more particularly, to a recerver and a chipset for
dedicated short range communication (DSRC).

2. Description of the Related Art

DSRC 1s dedicated short range communication. The DSRC
denotes a communication manner and protocol that performs
local communication without long distance interference
based on an industrial/scientific/medical (ISM) band and sev-
eral frequency bands. The DSRC instantaneously exchanges
a large quantity of information within a distance of several to
several tens of meters through bilateral wireless communica-
tion. Because the DSRC 1s used 1n a narrow zone, reuse of a
frequency 1s possible 1n each zone.

In recent years, the DSRC has been widely used 1n the
Intelligent Transportation System (ITS). An Electronic Toll
Collecting System (ETCS) has been greatly highlighted as an
example of the ITS. Besides, the DSRC may be used 1n
various fields such as parking management, distribution man-
agement, o1l station fee payment, or vehicle shopping.

Such a DSRC has been significantly expanding data com-
munication between vehicle-to-vehicle or vehicle-to-inira-
structure all over the world. In particular, commercial ser-
vices using a 5.8 GHz carrier wave are starting to be applied
to ETCS and ITS 1n Asian countries including Korea and
Japan. Currently, base equipment installation for ETCS 1s
substantially completed 1n a national expressway network of
Korea. In some cities, trailic information services are pro-
vided to ordinary persons using an I'TS network.

The following 1s a description of a protocol of DSRC in
Korea.

(a) Assignment of wireless transmission carrier wave:
5800+kx10 MHz (necessity: k=0, 1, selectivity: k=4, 5)

(b) Modulation/demodulation: ASK (Amplitude Shaft
Keying), modulation index 1s equal to or greater than 75%

(c) Switching method between transmission/reception
modes: Time Division Duplexing (TDD)

(d) Multiplexing technology: Frequency Division Multi-
plexing (FDM)+Space Division Multiplexing (SDM)
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2

(¢) Reception sensitivity range: =76 dBm (for ITS)~-40
dBm (for ETCS)

(1) Transmission output power: +10 dBm

(g) Moving speed support ol On-Board Equipment (OBE):
higher than 160 km/h

(h) Temperature vanation range of OBE: -85[ ]~40

The reception sensitivity range among the foregoing pro-
tocols 1s described. In a national DSRC protocol, it 1s required
that the reception sensitivity 1s =76 dBm for ITS and the
reception sensitivity 1s —40 dBm for ETCS. The reception
sensitivity means a minimal signal input level that a recerver
may operate according to characteristics or a performance of
a receiver device. The reception sensitivity 1s determined
based on a bit error rate (BER), which 1s an important factor
for discriminating a performance of the receiver.

It 1s understood that there 1s a need for very rapid switching,
time between transmission/reception modes with excellent
BER in order to perform a normal billing while an OBE 1s also
moving a narrow ETCS zone at high speed. As a part of
multiplexing technology, the use of an SDM means that an
undesirable interference signal may be generated from an
adjacent ETCS cell. Accordingly, so as to prevent this, there 1s
a demand for the delicate control of transmission and recerved
powers within a wide temperature variation.

A Tree sensitivity control function of a wide area 1n a design
specification of the OBE 1n the DSRC 1s an essential factor
simultaneously enabling the support of ITS and E'TCS. Fur-
ther, in order to clearly define a communication area within a
wide temperature variation range, a very delicate set of the
sensitivity 1s required together with exact transmission
power. In particular, since 1t 1s checked by an intensity of
received power whether or not the OBE enters within the
communication area, there 1s a need for more exact control of
the sensitivity 1n the ETCS. The reason 1s that when the
sensitivity 1s less than a predetermined value, the OBE
attempts to communicate with a base station prior to entering
the communication area to occur interierence with an adja-
cent DSRC device. When the sensitivity 1s greater than the
predetermined value, the communication may be performed
in only a narrower area than a defined communication area to
reduce available communication time.

As a conventional control method of sensitivity, there has
been used a method for controlling a gain of a receiver.
Namely, when controlling the gain of the receiver, a noise
figure of the recerver varies. By using such a feature, a maxi-
mum reception distance satistying a BER of the receiver 1s
adjusted.

FIG. 2 1s a graph illustrating recerved power P, versus
BER characteristics 1n a conventional method for controlling
the sensitivity of a recerver. In the graph of FIG. 2, an x axis
1s an 1ntensity of a recerved signal, namely received power,
and a y axis 1s a BER of the receiver upon reception of a signal
having a corresponding intensity. A graph 201 is received
signal intensity versus BER graph 1n a case where a noise
figure of the receiver 1s NF1. A graph 202 1s received signal
intensity versus BER graph 1n a case where the noise figure of
the receiver 1s NF2. In this case, NF1<NF2 1s satisfied.

When 1t 1s required that the receiver operates where the
intensity of the recerved signal 1s greater than P ,, and that
the BER becomes less than 107> in an operation range,
namely, when there 1s aneed that the sensitivity of the receiver
1s Po~.7 {, the noise figure of the recerver should be set to NF1.
In the same manner, when 1t 1s required that the recerver
operates where the intensity of the received signal 1s equal to
or greater than P, ,, and that the BER becomes less than
107> in an operation range, namely, namely, when there is a
need that the sensitivity of the receiver 1s Pz, 5, the noise




US RE45,619 E

3

figure of the receiver should be set to NF2. That 1s, the noise
figure of the recerver 1s changed according to the required
sensitivity.

However, disadvantages of such a control method are as
follows. Because a system noise figure of the receiver is
determined as a function of gains and noise figures of all the
structural circuits, it 1s significantly ditficult to linearly con-
trol a noise figure of a specific circuit by controlling a gain or
the noise figure of the specific circuit. Moreover, since the
BER obtained with a maximum system performance index in
a minimum 1put power, 1s obtained by artificially degrading
a performance of a system when the sensitivity 1s set to a great
value, a system of an optimal performance may be not
obtained, and 1t 1s difficult to define a clear communication
distance.

Meanwhile, since a conventional base station for DSRC 1s
configured by a hybrid module configuration of high manu-
facturing cost and cost burden, 1t 1s implemented in a number
of construction chips and external components. Accordingly,
when specific design matters are changed in the base station
of DSRC, the whole quantity of the base station 1s returned to
a laboratory, so that 1t should be again adjusted. This causes
the occurrence of a cost burden. The base station for DSRC
implemented 1n a hybrid module configuration has a disad-
vantage that 1t may not be integrated with chips such as GPS
or DMB.

Meanwhile, the conventional ASK receiver (not shown) for
DSRC reception includes a low noise amplifier (LNA), a
mixer, an intermediate frequency (IF) filter, an RSSI, a data
comparator, and a frequency synthesizer. The IF filter 1s posi-
tioned 1n an outside of an ASK recerver chipset. In contrast to
this, remaining structural elements are all positioned 1n an
inside of the ASK receiver chipset. The reason why 1s that
since an IF frequency of the conventional ASK receiver for
DSRC reception 1s a high frequency of approximately 40
MHz, a surface acoustic wave (SAW) 1s used as the IF filter,
and since a size of a filter processing a high IF frequency 1s
large, the IF filter may not be integrated 1in the ASK recerver
chipset.

In the ASK receiver for DSRC reception having a high IF
frequency, since the IF filter 1s positioned 1n an outside of the
ASK recerver chipset, 1t 1s difficult to match the ASK receiver
chupset and the IF filter with each other. Moreover, a size of
the ASK receiver 1s increased, thereby increasing a cost.

SUMMARY OF THE INVENTION

The present invention has been made 1n view of the above
problems, and 1t 1s an object of the present mnvention to pro-
vide a receiver for DSRC that easily enables control of the
sensitivity without degrading a performance of a system.

It 1s another object of the present mvention to provide a
chip set for DSRC that may be formed 1n one-chip with GPS
or DMB chip by integrating a receiver for DSRC based on
CMOS technology.

It 1s a further object of the present invention to provide an
amplitude shiit keying recerver for DSRC, which may be
small-sized, have low-cost, have uniform characteristics of an
IF filter, and in which the IF filter may easily match with
remaining structural elements.

In accordance with an exemplary embodiment of the
present invention, there 1s provided a recerver comprising:

a low noise amplifier (LNA) amplifying a recerved radio
frequency (RF) signal while minimizing amplification of
noise ncluded in the recerved RF signal; a mixer down-
converting a frequency of an output signal of the LNA to
output an mtermediate frequency (IF) signal; a frequency
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4

synthesizer generating a predetermined frequency signal
for the frequency-down conversion of the mixer and out-
putting the predetermined frequency signal to the mixer; a
bandpass filter passing a necessary band of a channel 1n an
output signal of the mixer; a log amplifier amplifying an
output signal of the bandpass filter in log scale and output-
ting a received signal strength indicator of an output signal
of the bandpass filter;

a detector comparing an output of the log amplifier with a
predetermined binary threshold value, outputting a first
binary signal when the output of the log amplifier 1s less than
the predetermined binary threshold value, and outputting a
second binary signal when the output of the log amplifier 1s
equal to or greater than the predetermined binary threshold
value; a switch serially connected with an output terminal of
the detector; and a switch controller comparing the recerved
signal strength indicator of the output signal of the log ampli-
fier with an RSSI threshold, opening the switch when the
received signal strength indicator 1s less than the RSSI thresh-
old, and closing the switch when the received signal strength
indicator 1s equal to or grater than the RSSI threshold.

Preferably, the switch controller includes: an analog-to-
digital converter converting the recerved signal strength 1ndi-
cator mto a digital signal; an RSSI threshold generator gen-
erating the RSSI threshold; and a comparator comparing the
received signal strength indicator with the RSSI threshold,
and opening or closing the switch according to the compari-
son result.

More preferably, the RSSI threshold generator includes: a
temperature sensor measuring an ambient temperature; and a
look-up table storing the RSSI threshold corresponding to the
ambient temperature measured by the temperature sensor.

Most preferably, the recerver alternately operates 1n a sig-
nal reception mode recerving signals and a signal non-receiv-
ing mode receiving no signals, and the temperature sensor
measures the ambient temperature once each time the signal
reception mode starts.

In accordance with another embodiment of the present
invention, there 1s provided an amplitude shift keying (ASK)
receiver for designated short range communication (DSRC)
receiving and converting a DSRC radio frequency (RF) signal
of a 5.8 GHz band into a digital signal, comprising: a low
noise amplifier (LNA) amplifying the recerved DSRC RF
signal while minimizing amplification of noise included 1n
the received DSRC RF signal; a mixer down-converting a
frequency of an output signal of the LNA to output an inter-
mediate frequency (IF) signal; a frequency synthesizer gen-
erating and outputting a frequency signal for the frequency-
down conversion of the mixer to the mixer; a bandpass filter
passing a necessary band of a channel 1n an output signal of
the mixer; a log amplifier amplifying an output signal of the
bandpass filter in log scale; and a detector comparing an
output of the log amplifier with a predetermined binary
threshold value, outputting a first binary signal when the
output of the log amplifier 1s less than the predetermined
binary threshold value, and outputting a second binary signal
when the output of the log amplifier 1s equal to or greater than
the predetermined binary threshold value, wherein the ASK
receiver for DSRC 1s formed 1n one-chip by a complementary
metal-oxide semiconductor (CMOS) process and the inter-
mediate frequency 1s a 10 MHz band.

According to the present invention, the sensitivity may be
casily controlled in a DSRC without degrading a performance
of a system.

Further, a chip set for DSRC may be formed in one-chip
with GPS or DMB chip by integrating a recerver for DSRC
based on CMOS technology.
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In addition, since an IF filter may be integrated with an
inside of an ASK receiver chipset for DSRC, the size and cost
of the ASK receiver for DSRC are reduced, characteristics of
the IF filter are uniform, and the IF filter 1s easily matched
with remaining structural elements.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present mven-
tion will be more apparent from the following detailed
description 1n conjunction with the accompanying drawings,
in which:

FIG. 1 1s a view showing a recerver in accordance with an
embodiment of the present invention;

FIG. 2 1s a graph illustrating recerved power P,., versus
BER characteristics 1n a conventional method for controlling
the sensitivity of a receiver;

FIG. 3 1s a graph 1illustrating received power P,,, versus
BER characteristics in a method for controlling the sensitivity
ol a receiver i accordance with an embodiment of the present
invention;

FIG. 4 1s a timing diagram of a clock provided to a tem-
perature sensor according to transmission and reception
modes of a DSRC including the recetver 1n accordance with
an embodiment of the present invention;

FIG. 5 15 a block diagram illustrating a DSRC chip set in
accordance with another embodiment of the present mven-
tion;

FIG. 6 1s a wavelorm diagram showing wavetforms of an
RF signal and an 1image signal received and processed by the
receiver 1n accordance with the present invention; and

FIG. 7 1s a block diagram showing an ASK receiver 200 for
the DSRC 1n accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion are described 1n detail with reference to the accompany-
ing drawings. The same reference numerals are used through-
out the drawings to refer to the same or like parts. Detailed
descriptions of well-known functions and structures imncorpo-
rated herein may be omitted to avoid obscuring the subject
matter of the present mnvention.

FI1G. 1 1s a view showing a recerver 100 1n accordance with
an embodiment of the present invention.

Thereceiver 100 includes a low noise amplifier (LINA) 104,
a mixer 106, a frequency synthesizer 108, a bandpass filter
110, a log amplifier 112, a detector 114, a switch 116, and a
switch controller 120.

The LNA 104 amplifies a received radio frequency (RF)
signal while minimizing amplification of noise included 1n
the received RF signal. The amplified signal from the LNA
104 1s mnput to the mixer 106. The mixer 106 down-converts
a frequency of the amplified RF signal from the LNA 104 and
outputs an intermediate frequency (IF) signal. The mixer 106
receives a local oscillator (LO) frequency signal from the
frequency synthesizer 108 in order to down-convert the fre-
quency of the amplified signal from the LNA 104. The LO

frequency 1s set to satisty the following equation 1.

ILO frequency+RF frequency|=IF frequency [Equation 1]

The bandpass filter 110 selectively passes a necessary band
of a channel 1n an output signal of the mixer 106. The log
amplifier 112 amplifies an output signal of the bandpass filter
110 1n log scale and outputs a RSSI of the output signal of the
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6

bandpass filter 110. The detector 114 compares an output of
the log amplifier 112 with a predetermined binary threshold
value. When the output of the log amplifier 112 1s less than the
predetermined binary threshold value, the detector 114 out-
puts a first binary signal of the binary signal. When the output
of the log amplifier 112 1s equal to or greater than the prede-
termined binary threshold value, the detector 114 outputs a
second value of the binary signal. For example, the binary
signal may be -1 or 1, the first value of the binary signal may
be —1, and the second value of the binary signal may be 0. In
addition, the binary signal may be 0 or 1, the first value of the
binary signal may be 0, and the second value of the binary

signal may be 1. In this case, the binary threshold value may
be 0.3.

One terminal of the switch 116 1s connected to an output
terminal of the detector 114, and the other terminal of the
switch 116 1s connected to an output terminal of the receiver
100. When the switch 116 1s closed, an output of the detector
114 1s transferred to the output terminal of the receiver 100.
When the switch 116 1s opened, the output of the detector 114
1s not transierred to the output terminal of the receiver 100.

The switch controller 120 compares the RSSI of the output
signal of the log amplifier 112 with an RSSI threshold. When
the RSS1 1s less than the RSSI threshold, the switch controller
120 opens the switch 116. When the RSS11s equal to or grater
than the RSSI threshold, the switch controller closes the
switch 116.

Namely, only when the intensity of the received signal 1s
equal to or greater than a predetermined value, a detected
result of the detector 114 1s output to an outside ol the receiver
100. Accordingly, unlike the related art purposely degrading
a noise figure of a recerver to control an operation range of the
receiver, the present invention may control the RSSI thresh-
old of the switch controller 120 to an optional value to control
an operation range of the recerver while maintaining excellent
performance 1indexes such as a gain and a noise figure of the
receiver to the highest degree.

FIG. 3 1s a graph illustrating recerved power P, versus
BER characteristics in a method for controlling the sensitivity
ol a receiver i accordance with an embodiment of the present
invention.

In the graph of FIG. 3, an X axis 1s an intensity of a received
signal, namely recerved power, and a y axis 1s a BER of the
receiver upon reception of a signal having a corresponding
intensity. A graph 301 1s received power versus BER feature
in a case where the sensitivity of the recerver 1s set to P, ;.
A graph 302 1s recerved power versus BER feature 1n a case
where the sensitivity of the receiver 1s set to P, .

With reference to graph 301, 1n a case where the sensitivity
ol the receiver 1s set to Pz, , when the recerved power 1s less
than P ../, the switch controller 120 prevents an output of the
detector 114 from being transierred to the output terminal of
the receiver 100 or outputs a digital signal regardless of the
received signal to the output terminal of the receiver 100.
Accordingly, 1n this case, the BER 1s 0.5. When the receirved
power 1s equal to or greater than P ./, the recerver 100 has a
general BER feature according to a feature thereof.

With reference to graph 302, 1n a case where the sensitivity
of the recerver 1s set to P , when the received power 1s less
than P, ., the switch controller 120 prevents an output of
the detector 114 from being transferred to the output terminal
of the receiver 100 or outputs a digital signal regardless of the
received signal to the output terminal of the recerver 100.
Accordingly, in this case, the BER 15 0.5. When the received
power 1s equal to or greater than P .., the recerver 100 has a
general BER feature according to a feature thereof.
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Upon comparison of the graph 1n FIG. 3 with that of FIG.
2, although the sensitivity 1s changed, a performance of the
receiver such as the noise figure 1s not degraded 1n FIG. 3.
Accordingly, when the receiver operates (BER<0.5), a
received power versus BER feature 1n the sensitivity of the
receiver having P ..., corresponds to that in the sensitivity of
the receiver having P...., . The method of FIG. 3 may more
excellent BER {feature with respect to constant recerved
power as compared with that of the related art.

In the BER feature of the related art illustrated in FIG. 2, a
performance of the receiver such as the noise figure thereof 1s
degraded to control the sensitivity. Accordingly, although the
sensitivity of the recerver 1s increased from Py 10 Pepan,
the BER feature of the receiver in recerved power correspond-
ing to the sensitivity 1s the same. In comparison with this, an
advantage of the recerver according to the present invention
may be clearly understood.

Hereinafter, a method for controlling the sensitivity 1 a
receiver 100 according to the embodiment of the present
invention will be described 1in detail. Referring back to FIG. 1,
the switch controller 120 includes an analog-to-digital con-
verter (ADC) 122, a RSSI threshold generator 130, and a
comparator 124.

The ADC 122 converts the RSSI output from the log ampli-
fier into a digital signal. When the RSSI 1s equal to or greater
than a certain value, the threshold generator 130 generates an
RSSI threshold for determining whether the receiver 100 1s to
be operated or not. The RSSI threshold generated by the RSSI
threshold generator 130 1s input by a manufacturer or user, or
the RSSI threshold generator 130 may optionally generate
operation environments of the recerver 100. The RSSI thresh-
old generator 130 may 1nclude an 12C communication mod-
ule (not shown) for communication with external devices.
The RSSI threshold inside the receiver 100 may be nput
and/or revised.

The comparator 124 compares the RSSI output from the
log amplifier 112 with the RSSI threshold output from the
RSSI threshold generator 130, and outputs a control signal to
the switch 116 according to the comparison result. When the
RSSI 1s less than the RSSI threshold, the comparator 124
outputs a control signal for opening the switch 116 thereto.
When the RSSI 1s equal to or greater than the RSSI threshold,
the comparator 124 outputs a control signal for short-circuit-
ing the switch 116 thereto. As described earlier, the switch
controller 120 turns on/off the switch 116 according to the
RSSI to on/off the output signal. This operation 1s referred to
as “digital gating”.

As mentioned above, 1n the received 100 according to the
embodiment of the present invention, the sensitivity of the
receiver 100 may be controlled according to the RSSI thresh-
old generated by the RSSI threshold generator 130. That 1s, 1n
the embodiment of the present invention, the sensitivity of the
receiver 100 may be controlled by the digital gating. As a
result, an optical control of the RSSI threshold generated by
the RSSI threshold generator 130 may optionally control the
sensitivity of the receiver 100.

Control of the Sensitivity According to an Ambient Tempera-
ture

Next, withreference to FIG. 1, an RSSIthreshold generator
130 of the receiver 100 according to another embodiment of
the present mnvention includes a temperature sensor 132 and a
look-up table 134. The temperature sensor 132 measures an
ambient temperature of an OBU including the receiver 100.
The look-up table 134 stores an RSSI threshold correspond-
ing to a temperature. The look-up table 134 includes a storage
unit storing temperatures and RSSI thresholds corresponding,
thereto. The RSSI threshold corresponding to the temperature
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may be input during production of the receiver 100 or by a
user during a use of the receiver 100. The RSSI threshold
corresponding to the temperature may be suitably selected

and input according to used applications or environments.
The RSSI threshold generator 130 finds out the RSSI

threshold corresponding to the temperature measured by the
temperature sensor 132 from the look-up table 134, and out-
puts 1t to the comparator 124.

Since a suitable RSSI threshold 1s selected and used

according to the ambient temperature, a system performance
may be maintained substantially constant regardless of the
ambient temperature. Accordingly, the receiver 100 accord-
ing to the embodiment of the present invention may be stably
used 1 a vehicle having a significantly great temperature
range change.

Low-Noise Clocking of Temperature Compensation Circuit

The following 1s a description of a low-noise clocking
teature that a temperature sensor 132 included 1n the recerver
100 according to another embodiment of the present inven-
tion has. The temperature sensor 132 converts a general tem-
perature being analog information into digital temperature
information. In this case, a used sampling clock of the ADC
may be imtertered with transmission and reception signals.
Accordingly, the temperature sensor 132 periodically updates
temperature information 1n a reception standby mode 1n order
to block the occurrence of such interference. However, 1n a
reception mode (RX-mode) or a transmission mode {(TX-
mode), the temperature sensor 132 updates the temperature
information 1n only a case where the reception mode or the
transmission mode starts.

FIG. 4 15 a timing diagram of a clock provided to a tem-
perature sensor according to transmission and reception
modes ol DSRC including the receiver in accordance with an
embodiment of the present invention.

In FIG. 4, a section other than the reception mode (RX-
mode) or the transmission mode (ITX-mode) 1s a transmis-
sion/reception stand by mode. It 1s understood that a clock
CLK , 5~ 1s periodically supplied to the ADC of the tempera-
ture sensor 132 1n the transmission/reception stand by mode.
However, 1n the transmission mode (TX-mode), the clock
CLK ,,,~ 1s supplied in only a moment that the transmission
mode (TX-mode) starts. In the same manner, 1n the reception
mode (RX-mode), the clock CLK ,,~ 1s supplied in only a
moment that the reception mode (RX-mode) starts.

DSRC Transmission/Reception Chip Set

A DSRC chip set 500 including the recerver 100 1n accor-
dance with the embodiment of the present will be now
described with reference to FIG. 5. FIG. 5 1s a block diagram
illustrating a DSRC chip set 500 1n accordance with another
embodiment of the present invention. Description of the same
internally structural elements of the DSRC chip set 500 as
those of the recerver 100 are omitted. The DSRC chip set 500
turther mncludes a power amplifier 401, a mixer 402, and a
pulse shaping filter 403.

A digital signal to be transmitted from an exterior of the
DSRC chip set 500 1s input to an input terminal In of the
DSRC chip 500. A bandwidth of the input signal 1s limited by
the pulse shaping filter 403. Next, an output signal of the pulse
shaping filter 403 1s frequency-up converted by the mixer
402. An LO frequency signal 1s supplied from the frequency
synthesizer 108 to the mixer 402 for the frequency-up con-
version. The frequency-up converted signal by the mixer 402
1s amplified by the power amplifier 401 1n amplitude.

An SPTP switch 404 1s coupled to an exterior of the DSRC
chip set 500, and couples the DSRC chip set 500 to an antenna
according to a transmission/reception mode.
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As discussed earlier, a transmission stage and a reception
stage of the DSRC chip set 500 are included 1n one single
chip, and a single frequency synthesizer 108 provides the LO
frequency signal to be supplied to the transmission stage and
the reception stage, thereby reducing a chip area. Further,
because a transceiwver for DSRC 1s integrated based on
complementary metal-oxide semiconductor (CMOS) tech-
nology, it may be readily integrated 1n one chip together with
a GPS or DMS chip.

IF Frequency

In another embodiment of the present, 10 MHz band may
be selected as an IF frequency of the recerver 100. When the
10 MHz band 1s selected as the IF frequency of the recerver
100, because the bandpass filter 203 has a relatively low pass
band by approximately 10 MHz, 1t may be integrated 1n one
chip by a CMOS process. Since the 10 MHz band 1s used as
the IF frequency, an image elimination circuit 1s not required.
FIG. 6 1s a wavelorm diagram showing waveforms of an RF
signal and an 1mage signal received and processed by the
receiver 100 according to the present invention.

An RF signal denotes a radio frequency signal for DSRC
based ona DSRC standard protocol. A center frequency of the
RF signal 1s 5800 MHz, 35810 MHz, 5840 MHz, or 5850 MHz.
When 10 MHz 1s set to the IF frequency, an LO frequency 1s
5790 MHz, 5800 MHz, 5830 MHz, or 5840 MHz in a low-
side LO 1njection. Accordingly, i respective RF signals, a
5780 MHz, 5790 MHz, 5820 MHz, or 5830 MHz band signal
1s converted into a 10 MHz IF frequency signal as an image
signal. However, since a signal 1s not allotted to 5820 MHz
and 5830 MHz bands, and 5780 MHz and 5790 MHz and
these bands are bands beyond a band range defined 1n the
DSRC standard protocol, an image elimination circuit for the
image signal 1s unnecessary. In the same manner, 1n an upside
L.O mjection, because a frequency band of an 1mage signal 1s
a band 1n which a signal 1s not assigned 1n a standard protocol
or a frequency band beyond the band range defined in the
DSRC standard protocol, the image elimination circuit is
unnecessary. As aresult, the size and a cost of the receiver 100
may be reduced.

FI1G. 7 1s a block diagram showing an ASK receiver 200 for
DSRC 1 accordance with an embodiment of the present
invention. The ASK recerver 700 1s an amplitude shiit key
(ASK) receiver, which receives and converts a designated
short range communication (DSRC) radio frequency (RF)
signal of a 5.8 GHz band 1nto a digital signal. In this case, the
5.8 GHz band 1s a band including carriers in which a carrier
center frequency 1s 5800 MHz+k*10 MHz (k=0, 1, 4, or 5),
and a band of each carrier 1s within approximately 10 MHz.
The ASK recerver 700 for DSRC 1ncludes a low noise ampli-
fier (LNA) 701, a mixer 702, a bandpass filter 703, a log
amplifier 704, a detector 705, and a frequency synthesize 706.
The LNA 701 amplifies a received DSRC RF signal of 5.8
GHz while mimmizing amplification of noise included in the
received DSRC RF signal. The mixer 702 down-converts a
frequency of an output signal of the LNA 201 and outputs an
intermediate frequency (IF) signal. The frequency synthe-
sizer 706 generates and outputs a frequency signal for the
frequency-down conversion of the mixer 702 to the mixer
702. In the ASK recerver 700 1n accordance with the present
invention, the IF 1s 10 MHz. Accordingly, 1n order to down-
convert an RF frequency signal of 5.8 GHz into an IF fre-

quency, an LO frequency should satisty the forgoing equation
2.

ILO frequency+RF frequency|=IF frequency [Equation 2]

The bandpass filter 703 passes a necessary band of a chan-
nel 1n an output signal of the mixer 702. The log amplifier 704
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amplifies an output signal of the bandpass filter 703 1n log
scale, and outputs a level of Recerved signal strength indica-
tor (RSSI) of the output signal from the bandpass filter 703.
The detector 205 compares an output of the log amplifier 704
with a predetermined binary threshold value. When the output
of the log amplifier 204 1s less than the predetermined binary
threshold value, the detector 705 outputs a first binary signal.
When the output of the log amplifier 704 1s equal to or greater
than the predetermined binary threshold value, the detector
203 outputs a second binary signal. For example, when the
binary signal 1s -1 or 1, a first value of the binary signal 1s -1,
and a second value of the binary signal 1s 0, a binary threshold
value may be 0. In contrast to this, when the binary signal 1s
0 or 1, the first value of the binary signal 1s 0, and the second

value of the binary signal 1s 1, the binary threshold value may
be 0.3.

The ASK recerver 700 for DSRC 1n accordance with the
present mnvention 1s formed in one-chip by a complementary
metal-oxide semiconductor (CMOS) process. Because the
bandpass filter 703 has a relatively low pass band of approxi-
mately 10 MHz, it may be integrated in one chip by a CMOS
process.

Further, since the ASK receiver 700 for DSRC 1n accor-
dance with an embodiment of the present invention uses 10
MHz frequency as an IF frequency, a separate 1mage elimi-
nation circuit 1s unnecessary.

FIG. 6 1s a wavelorm diagram showing waveforms of an
RF signal and an image signal recerved and processed by the
receiver 100 according to the present invention.

An RF signal denotes a radio frequency signal for DSRC
based ona DSRC standard protocol. A center frequency of the
RF signal 1s 5800 MHz, 3810 MHz, 5840 MHz, or 5850 MHz.
When 10 MHz 1s set to the IF frequency, an LO frequency 1s
5790 MHz, 5800 MHz, 5830 MHz, or 5840 MHz in a low-
side LO 1mjection. Accordingly, i respective RF signals, a
5780 MHz, 5790 MHz, 5820 MHz, or 5830 MHz band signal
1s converted into a 10 MHz IF frequency signal as an 1image
signal. However, since a signal 1s not allotted to 5820 MHz
and 5830 MHz bands, and 5780 MHz and 5790 MHz, and
these bands are bands beyond a band range defined 1n the
DSRC standard protocol, an image elimination circuit for the
image signal 1s unnecessary. In the same manner, 1n a up-side
L.O mjection, because a frequency band of an image signal 1s
a band 1n which a signal 1s not assigned 1n a standard protocol
or a frequency band beyond the band range defined in the
DSRC standard protocol, the image elimination circuit 1s
unnecessary.

Since the ASK recerver 200 for DSRC 1n accordance with
an embodiment of the present invention does include an
image elimination circuit, the size and cost may be reduced.

Although the present invention have been described 1n
detail hereinabove that the receiver 100 and the DSRC chip
set 500 are used 1n DSRC, 1t 1s by example. For example, the
receiver 100 may be used 1n an optional communication sys-
tem within the spirit and scope of the present invention.
Accordingly, all receivers using the spirit of the present inven-
tion as well as a DSRC receiver fall within the spirit and scope
of the present invention.

What 1s claimed 1s:

1. A recerver comprising:

a low noise amplifier (LNA) amplifying a recerved radio
(RF) signal while mimmizing amplification of noise
included in the received RF signal;

a mixer down-converting a frequency of an output signal of
the LNA to output an intermediate frequency (IF) signal;
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a Ifrequency synthesizer generating a predetermined fre-
quency signal for the frequency-down conversion of the
mixer and outputting the predetermined frequency sig-
nal to the mixer;

a bandpass filter passing a necessary band of a channel in
an output signal of the mixer;

a log amplifier ampliiying an output signal of the bandpass
filter 1n log scale and outputting a receirved signal
strength indicator of an output signal of the bandpass
filter;

a detector comparing an output of the log amplifier with a
predetermined binary threshold value, outputting a first
binary signal when the output of the log amplifier 1s less
than the predetermined binary threshold value, and out-
putting a second binary signal when the output of the log
amplifier 1s equal to or greater than the predetermined
binary threshold value;

a switch serially connected with an output terminal of the
detector; and

a switch controller comparing the recerved signal strength
indicator of the output signal of the log amplifier with an
RSSI threshold, opening the switch when the recerved
signal strength indicator 1s less than the RSSI threshold,
and closing the switch when the received signal strength
indicator 1s equal to or grater than the RSSI threshold.

2. The recerver according to claim 1, wherein the switch
controller includes:

an analog-to-digital converter converting the received sig-
nal strength indicator into a digital signal;

an RSSI threshold generator generating the RSSI thresh-
old; and

a comparator comparing the recerved signal strength 1ndi-
cator with the RSSI threshold, and opening or closing
the switch according to the comparison result.

3. The recewver according to claim 2, wherein the RSSI

threshold generator includes:

a temperature sensor measuring an ambient temperature;
and

a look-tip table storing the RSSI threshold corresponding
to the ambient temperature measured by the temperature
SeNsor.

4. The recerver according to claim 3, wherein the receiver
alternately operates 1n a signal reception mode recerving sig-
nals and a signal non-receiving mode receiving no signals,
and the temperature sensor measures the ambient temperature
once each time the signal reception mode starts.

5. An amplitude shift keying (ASK) receiver for designated
short range communication (DSRC) recerving and converting
a DSRC radio frequency (RF) signal of a 5.8 GHz band into
a digital signal, comprising:

a low noise amplifier (LNA) amplifying the received
DSRC RF signal while minimizing amplification of
noise included in the received DSRC RF signal;

a mixer down-converting a frequency of an output signal of
the LNA to output an intermediate frequency (IF) signal;

a frequency synthesizer generating and outputting a fre-
quency signal for the frequency-down conversion of the
mixer to the mixer:;

a bandpass filter passing a necessary band of a channel in
an output signal of the mixer;

a log amplifier ampliiying an output signal of the bandpass
filter 1n log scale; and

a detector comparing an output of the log amplifier with a
predetermined binary threshold value, outputting a first
binary signal when the output of the log amplifier 1s less
than the predetermined binary threshold value, and out-
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putting a second binary signal when the output of the log
amplifier 1s equal to or greater than the predetermined
binary threshold value,

wherein the ASK receiver for DSRC 1s formed 1n one-chip
by a complementary metal-oxide semiconductor

(CMOS) process and the intermediate frequency 1s a 10
MHz band.

6. A receiver comprising:

a low noise amplifier (LNA) amplifving a received radio
(RF) signal while minimizing amplification of noise
included in the received RF signal;

a mixer down-converting a frequency of an output signal of
the LNA to output an intevmediate frequency (IF) signal;

a frequency synthesizer generating a predetermined fre-
quency signal for the frequency-down conversion of the
mixer and outputting the predetermined frequency sig-
nal to the mixer;

a bandpass filter passing a necessary band of a channel in
an output signal of the mixer;

a log amplifier amplifving an output signal of the bandpass
filter in log scale and outputting a received signal
strength indicator of an output signal of the bandpass
Jilter,

a controller for comparing the received signal strength
indicator of the output signal of the log amplifier with an
RSST threshold: and

a switch for selectively forwarding the output of the log
amplifier based on the comparing rvesults of the control-
ler.

7. The receiver according to claim 6, wherein the controller
includes:

an analog-to-digital converter converting the received sig-
nal strength indicator into a digital signal;

an RSSI threshold generator genervating the RSSI thresh-
old: and

a comparator comparing the veceived signal strength indi-
cator with the RSSI threshold, and opening or closing
the switch according to the comparison resullt.

8. The receiver according to claim 7, wherein the RSSI
threshold generator includes:

a temperature sensor measuring an ambient temperature;

and

a look-tip table storing the RSSI threshold corresponding
to the ambient temperature measured by the temperature
Sensor:

9. The receiver according to claim 8, whevrein the receiver
alternately operates in a signal reception mode receiving
signals and a signal non-receiving mode veceiving no signals,
and the temperaturve sensov measures the ambient tempera-
ture once each time the signal reception mode starts.

10. An amplitude shift keying (ASK) receiver for desig-
nated short range communication (DSRC) receiving and con-
verting a DSRC radio frequency (RF) signal of a 5.8 GHz
band into a digital signal, comprising:

a low noise amplifier (LNA) amplifving the received DSRC
RFE signal while minimizing amplification of noise
included in the received DSRC RF signal;

a mixer down-converting a frequency of an output signal of
the LNA to output an intevmediate frequency (IF) signal;

a frequency synthesizer generating and outputting a fre-
quency signal for the frequency-down conversion of the
mixer to the mixer;

a bandpass filter passing a necessary band of a channel in
an output signal of the mixer;

a log amplifier amplifving an output signal of the bandpass
filter in log scale; and
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a controller comparing an output of the log amplifier with
a predetermined binary threshold value, outputting a
first binary signal when the output of the log amplifier is
less than the predetermined binary threshold value, and
outputting a second binary signal when the output of the 5
log amplifier is equal to ov greater than the predeter-
mined binary threshold value,

whevrein the ASK receiver for DSRC is formed in one-chip
by a complementary metal-oxide semiconductor

(CMOS) process and the intermediate frequency is a 10 10
MHz band.

14
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