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(57) ABSTRACT 

A semiconductor integrated circuit for a radio communica 
tion terminal sequentially uses a plurality of frequency 
channels by instructions from a hopping frequency decision 
unit to receive packet data by a reception unit. When the 
integrated circuit cannot detect the head of the packet data 
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RADIO COMMUNICATION DEVICE AND 
SEMICONDUCTOR INTEGRATED CIRCUIT 

DEVICE USED FOR THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2005-019980, ?led Jan. 27, 2005, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] This invention relates to a radio communication 
device and a semiconductor integrated circuit used for the 
same. More speci?cally, the present invention relates to a 
radio communication device employing a channel quality 
estimation method, a method for deciding a channel to be 
used and a method for deciding transmission poWer in a 
radio data communication of a frequency hopping system 
and relates to a semiconductor integrated circuit device used 
for the same. 

[0004] 2. Description of the Related Art 

[0005] In recent years, a neW radio communication system 
to connect electronic appliances With one another by radio 
has been developed. The IEEE 802.1lb/ g, Bluetooth (trade 
mark) and the like are known as this kind of radio commu 
nication system. 

[0006] The IEEE 802.1lb/g is a standard of a short-range 
radio communication system proposed for a Wireless local 
area netWork (LAN). The Bluetooth is a standard of a 
short-range radio communication system proposed for con 
nection among not only computers but a variety of appli 
ances With one another. In these radio communication sys 
tems, the 2.4 GHZ band called an industrial scienti?c and 
medical band (ISM band) is used as a frequency band 
alloWed to be freely used Without any license on a condition 
that a prescribed standard is satis?ed. The IEEE 802.1lb/ g 
adopts a direct sequence spread spectrum (DSSS) technol 
ogy so as to maximize in?uences of noise signals generated 
from other electronic appliances, for example, electronic 
ovens or the like present in the ISM band of the 2.4 GHZ 
band. The Bluetooth adopts a frequency hopping spread 
spectrum (FHSS) technology of the frequency hopping 
system. Each technology, then, achieves su?icient noise 
resistance for the radio communication system. 

1. Field of the Invention 

[0007] More speci?cally, a Bluetooth-compatible portable 
device (hereinafter, referred to as Bluetooth device) is used 
to exchange data among a cellular phone, a personal digital 
assistant (PDA), a notebook personal computer, a sound 
terminal appliance, etc. In this case, the frequency hopping 
system is adopted, Wherein one channel is selected from 
among 79 frequency channels de?ned in a frequency band 
from the 2.40 GHZ to the 2.48 GHZ and it is sWitched With 
the lapse of time to make a radio communication. This 
frequency hopping system repeatedly selects channels at 
every ?xed time period, for example, at every 625 us on the 
basis of a preset pseudo random algorithm and assigns one 
packet of data to the one channel to make a communication. 
On the other hand, a Wireless LAN station using the 2.4 GHZ 
band does not employ frequency hopping but employs a 
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constantly ?xed and set frequency band, namely, contiguous 
frequency Widths equivalent to almost 20 channels of the 
Bluetooth device. 

[0008] FIG. 1 shoWs frequency relationships When the 
Bluetooth device and the Wireless appliance use the ISM 
band of the 2.4 GHZ. The Bluetooth divides almost entire 
areas of the ISM band of the 2.4 GHZ into 79 channels of l 
MHZ Width and communicates While sequentially changing 
the frequencies used by the 79 channels at every 625 us in 
accordance With a preset sequence de?ned by appliance 
addresses or the like. 

[0009] On the other hand, the Wireless LAN de?nes total 
13 channels in the ISM band of the 2.4 GHZ. A band Width 
occupied by the one channel is 20 MHZ and these 13 
channels are arranged in a manner that a part of them are 
overlapped one another, as shoWn in FIG. 1. Any one 
channel is assigned to each access point of the Wireless LAN 
at the time of setting thereof, and communications are made 
by suing the assigned channels. The in?uences of the noise 
signals are reduced by employing the DSSS system. Chan 
nels are assigned to each access point so as not interfere With 
one another When a plurality of access points are arranged in 
order to overlap mutual service areas. 

[0010] As shoWn in FIG. 1, presence of the Bluetooth 
device and the Wireless LAN appliance in an identical 
frequency area causes a mutual communication to be inter 
fered by radio Waves transmitted from each other. To meet 
this interference, the Bluetooth device adopts an adaptive 
frequency hopping (AFH) technology. The AFH technology 
prevents the interference betWeen the Bluetooth device and 
Wireless LAN appliance in a manner that the Bluetooth 
device observes the channels in any method to avoid the 
channel to be determined the presence of a radio Wave to 
interfere its oWn communication and performs the frequency 
hopping. 

[0011] To achieve the AFH, it is needed for the Bluetooth 
device to observe states of each channel and determine 
Which channel should be used. Therefore, it is expected to 
adopt a method for estimating channel quality and method 
for deciding a channel to be used Which decides the fre 
quency to be used so as to avoid, With an appropriate 
response speed, use of channels With poor qualities by 
detecting channels surely in?uenced from others, namely 
channels With bad in quality. The Bluetooth device is 
frequently adapted to a small siZed appliance With a small 
battery capacity such as a cellular phone and a head set 
needed to minimize its consumption current. The Bluetooth 
device also needs to avoid increase, as much as possible, in 
the consumption current resulting from the adaptation of the 
method for estimating the channel quality and the method 
for deciding the channel to be used. 

[0012] In general, a method for a certain radio appliance 
to estimate a quality of channel to be used by itself includes 
a method for measuring a ?eld strength of a radio Wave 
present in the channel to be used prior to a communication 
(Passive method) and a method for assuming that the quality 
of the channel is poor When error rates of user data and 
control data in communication exceed preset values (Active 
method). 
[0013] The former Passive method directly measures the 
?led strength, so that the Passive method can quickly detect 



US 2006/0188004 A1 

interference from other appliances. However, since the radio 
appliance has to perform reception operations other than 
receptions of the user data and the control data, the con 
sumption current is increased. A variety of error correction 
technologies are introduced into packets of the Bluetooth 
and if the interference is minor, the technologies can be 
suppressed affections of the interference by means of those 
correction technologies. But, in the case of the Passive 
method, it is impossible to knoW the degree of the actual 
affections of the measured radio Waves a?‘ected on commu 
nications. 

[0014] On the contrary, since the latter Active method 
detects the in?uence from other radio appliances by mea 
suring the error rates of the user data and control data, the 
Active method has some advantages. That is, it is deter 
mined Whether the in?uence is serious or not by adding 
actual affections of radio Waves from interference sources on 
the communications, and the consumption current is not 
increased because the radio appliance does not receive other 
than the user data and control data. HoWever, the Active 
method has problems such that a plurality of items of data 
has to be received to measure the error rates and it takes a 
long time to determine each channel condition. And the 
Active method further has a problem that interference Waves 
are varied in strength With the elapse of time. The variations 
due to the elapse of time are caused because a radio Wave 
propagation environment is varied With the elapse of time 
(fading phenomenon) or the use of channels is originally 
bursty like the Wireless LAN. Since the strengths of the 
interference Waves vary as the time goes on because of those 
causes, this variations of affections by the interference are 
also generated as a problem. 

[0015] Furthermore, on the case of avoidance of use of 
channels With very poor qualities by means of the AFH, 
When qualities of most of channels in the ISM band become 
poor, it is Worried that radio Waves to be transmitted from 
the Bluetooth are collected to a part of the ISB band to 
in?uence adverse effects on other appliances. 

[0016] The fact that it is possible for an evaluation of a 
channel quality of a radio communication using the AFH to 
use a bit error rate, a packet error rate, a signal to noise ratio 
(S/N) or the like is disclosed in Japanese Patent No. 3,443, 
094. 

BRIEF SUMMARY OF THE INVENTION 

[0017] According to an aspect of the present invention, 
there is provided a semiconductor integrated circuit device 
comprises a hopping frequency decision unit Which selects 
one frequency channel from among the plurality of fre 
quency channels; a transmission unit Which assigns packet 
data to the selected frequency channel to+ transmit it; a 
reception unit Which receives the packet data of the selected 
frequency channel; a error detection unit Which assumes that 
there are packet errors incapable of receiving the packet data 
to be originally received because of deterioration of a 
channel quality if a head of the packet data could not be 
detected at the time When the reception unit performed 
reception operations of the packet data; and a control unit 
Which estimates channel qualities of the frequency channels 
received by the reception unit, and Which makes the hopping 
frequency decision unit perform frequency hopping, ?rst by 
calculating packet error rates for each frequency channel on 
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the basis of the number of the reception operations of the 
packet data and the number of the packet errors detected by 
the error detection unit, secondly by estimating channel 
qualities by using the packet error rates, thirdly by deter 
mining Whether or not the received frequency channels are 
usable on the basis of a result of estimation of the channel 
qualities, and fourthly by avoiding the frequency channels 
determined to be unusable. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] FIG. 1 is an exemplary vieW shoWing an example 
of frequencies to be used by a Bluetooth device and a 
Wireless LAN appliance; 

[0019] FIG. 2 is a block diagram of a radio communica 
tion system shoWing a Bluetooth device regarding a ?rst 
embodiment of the invention together With an access point 
of a Wireless LAN; 

[0020] FIG. 3 is a block diagram shoWing a con?guration 
of the Bluetooth device in FIG. 2; 

[0021] FIG. 4 is a block diagram shoWing a con?guration 
of a semiconductor integrated circuit device focusing atten 
tion on a functional aspect of a CPU in FIG. 3; 

[0022] FIG. 5 is a ?oWchart shoWing a basic transmission 
procedure executed, under control through a transmission/ 
reception control unit in FIG. 4, for transmitting packet 
data; 
[0023] FIG. 6 is a ?oWchart shoWing a basic transmission 
procedure executed, under control through transmission/ 
reception control unit in FIG. 4, for receiving packet data; 

[0024] FIG. 7 is a ?oWchart shoWing a ?eld strength 
measuring procedure executed under control by transmis 
sion/reception control unit in FIG. 4; 

[0025] FIG. 8 is a ?oWchart shoWing a basic procedure 
deciding a channel to be used, executed under control by 
transmission/reception control unit in FIG. 4; 

[0026] FIG. 9 is a ?oWchart shoWing a reception proce 
dure executed, by the Bluetooth device in the ?rst embodi 
ment, for receiving packet data; 

[0027] FIG. 10 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in the ?rst embodiment; 

[0028] FIG. 11 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a second embodiment; 

[0029] FIG. 12 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a third embodiment; 

[0030] FIG. 13 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a fourth embodiment; 

[0031] FIG. 14 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a ?fth embodiment; 

[0032] FIG. 15 is a ?oWchart shoWing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a sixth embodiment; 
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[0033] FIG. 16 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a seventh embodiment; 

[0034] FIG. 17 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in an eighth embodiment; 

[0035] FIG. 18 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a ninth embodiment; 

[0036] FIG. 19 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a tenth embodiment; 

[0037] FIG. 20 is a ?owchart showing a procedure decid 
ing transmission power, executed by the Bluetooth device in 
an eleventh embodiment; 

[0038] FIG. 21 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in the eleventh embodiment; and 

[0039] FIG. 22 is a ?owchart showing a procedure decid 
ing a channel to be used, executed by the Bluetooth device 
in a twelfth embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Hereinafter, the present invention will be described 
through embodiments by referring to drawings. In descrip 
tion, common parts are denoted by common reference 
numerals all over the drawings. 

First Embodiment 

[0041] FIG. 2 is a block diagram of the radio communi 
cation system showing the Bluetooth device regarding the 
?rst embodiment of the invention together with the access 
point of the wireless LAN. The radio communication system 
shown in FIG. 2 shows two devices of ?rst and second 
Bluetooth devices 11, 12 as each Bluetooth device; however, 
the number of the Bluetooth devices is not limited to two. 
The radio communication system in FIG. 2 includes an 
access point 13 of the wireless LAN other than the ?rst and 
second Bluetooth devices 11, 12 and FIG. 2 shows a state in 
which a mutual radio communication between the ?rst and 
second Bluetooth devices 11, 12 is interfered by a radio 
wave from the access point 13. 

[0042] The ?rst and second Bluetooth devices in FIG. 2 
includes a semiconductor integrated circuit device 20 (here 
inafter, referred to as LSI) for Bluetooth integrated into one 
chip, a radio antenna 31 connected to the LSI 20 and a host 
32, as shown in FIG. 3, respectively. A transceiver/receiver 
circuit 21 including a high-frequency (RF) circuit, an AD 
conversion circuit, a memory 22 consisting of a ROM and 
RAM to store ?rmware including a protocol stack, a CPU 23 
and a peripheral circuit 24, and the like are integrated in the 
LSI 20. The transceiver/receiver circuit 21 connects the 
radio antenna 31 thereto and the peripheral circuit 24 
connects the host 32 thereto. 

[0043] The Bluetooth device shown in FIG. 3 is built in a 
device to perform a radio communication. An example for 
the device to perform the radio communication includes, for 
example, a cellular phone, a car navigation system, a car 
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audio device, a personal computer, a personal digital assis 
tant (PDA), a Bluetooth adapter, radio headset, a portable 
audio device, a digital camera, a printer, a cordless phone, a 
cordless mouse, a cordless keyboard, a gate controller, a 
general household electric appliance, and the like. 

[0044] The Bluetooth device shown in FIG. 3 transmits 
and receives data and commands between the memory 22 
and the ho st 32 via the peripheral circuit 24 under control by 
the CPU 23 and transmits data for a transmission stored in 
the memory 22 to the transceiver/receiver circuit 21 to 
transmit it as radio waves from the radio antenna 31. On the 
other hand, reception data is generated from the radio waves 
received through the radio antenna 31 and stored in the 
memory 22 then transmitted to the host 32 via the peripheral 
circuit 24. 

[0045] FIG. 4 is a block diagram showing the con?gura 
tion of the LSI 20 focusing attention on the functional aspect 
of the CPU 23 in FIG. 3. The circuit shown in FIG. 4 
includes a transmission unit 41, a reception unit 42, a 
transmission/reception control unit 43, a hopping frequency 
decision unit 44 and a higher layer protocol processor 45. 
The radio antenna 31 is connected to the transmission unit 
41 and the reception unit 42. The reception unit 42 has a 
packet data reception unit 46, a ?eld strength measuring unit 
47 and an error detection unit 48. 

[0046] The Bluetooth devices 11, 12 in FIG. 1 are mod 
ules to perform radio communications based on the Blue 
tooth Speci?cation released by the Bluetooth SIG and make 
communications by using the ISM band of 2.4 GHZ band. 
The radio communication system of the Bluetooth Speci? 
cation utiliZes a spectrum di?‘usion communication of a 
frequency hopping system. The ISM band of the 2.4 GHZ 
band is divided into 79 frequency channels (hereinafter, 
referred to as communication channel) with l MHZ inter 
vals, and channels to be used are switched on a time-division 
basis for each one time slot, based on the hopping patterns 
(frequency hopping). The radio communication system of 
the Bluetooth Speci?cation adopts a master/slave system 
and a master manages the hopping patterns. The radio 
communication system can communicate by forming a radio 
network referred to as a pico-net among one master and 
slaves of maximum seven sets by using the same hopping 
pattern. 

[0047] The LAN module at the access point 13 of the 
wireless LAN performs radio communications on the basis 
of the IEEE 802.1lb standard and, likewise the Bluetooth 
device, performs communications by using the ISM band of 
the 2.4 GHZ band. The radio communication system of the 
IEEE 802.1lb standard utiliZes a spectrum di?‘usion com 
munication of a direct diffusion system. Thirteen frequency 
channels are assigned to the frequency band of the 2.4 GHZ 
band with intervals of 5 MHZ extent, and more than one 
arbitrary frequency channel among thirteen channels can be 
selected to be used. Forms of the radio networks include an 
Adhoc network to be used for communications among radio 
stations in an area called a basic service area (BSA) and an 
infrastructure network composed of a plurality of radio 
terminals and access points (AP). To prevent signal colli 
sions on the radio network, a carrier sense/collision avoid 
ance function called CSMA/CA is provided. 

[0048] In the ?rst embodiment, the Bluetooth devices 11, 
12 respectively have transmission/reception control units 43 


































