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(57) ABSTRACT 

A data code transmission device that detects and corrects 
phase differences betWeen serial data codes to ensure the 

quality of data transmission. Adata code generator produces 
a data code, While a reference code generator produces a 
reference code. The data code is phase-shifted by the data 
code generator in a predetermined sWeep range, according to 
a sWeep command signal given by a phase difference detec 
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(30) Foreign Application Priority Data data code With that of the reference code to obtain phase 
difference data. Based on the phase difference data, a cor 
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Publication Classi?cation the data code in phase With the reference code. The phase 
setter optimiZes the phase of the data code according to the 
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DATA CODE TRANSMISSION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims priority 
of Japanese Patent Application No. 2003-393489, ?led on 
Nov. 25, 2003, the contents being incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a data code trans 
mission device, and more particularly to a data code trans 
mission device With a function of correcting the phase of 
data codes to be transmitted. 

[0004] 2. Description of the Related Art 

[0005] Various types of digital interfaces have been devel 
oped and used for data transfer betWeen a personal computer 
and its peripheral devices. They include parallel interfaces 
such as the Small Computer System Interface (SCSI) and 
serial interfaces such as the Universal Serial Bus (USB). 
While those standard interfaces are not particularly fast, they 
offer suf?cient performance in transferring text ?les and 
other kinds of lightWeight data objects. 

[0006] The recent advancement of multimedia technolo 
gies including image data compression techniques has 
enabled personal computer users to manipulate digital video 
data on their machines. Many people today take video 
snapshots With their oWn camcorders. Such personal video 
users may Wish, for example, to vieW their videos on a 
computer screen While uploading the data from a digital 
camcorder. HoWever, the existing interfaces such as SCSI 
and USB mentioned above are not suitable for such realtime, 
large data transfer applications. The multimedia needs in 
recent years have thus led to the emergence of a neW 
generation of high-speed serial lines or buses. The high 
speed serial lines transport data serially at a high bitrate over 
a single transmission line. 

[0007] Typical applications of recent high-performance 
serial lines include connections on a backplane (a circuit 
board having connectors and slots to serve as a backbone to 
connect several cards together to make up a complete 
electronic system). AneW serial backplane connection offers 
a data transfer speed of as high as 3 Gbps, and further 
development is under Way for faster interface. 

[0008] Besides serving as an interface for personal com 
puter peripherals, high-speed serial transmission techniques 
facilitate internal transport of signals in various systems. 
One application is a radar device that detects and determines 
the distance of objects by using a spread spectrum technique. 
This device emits a radio Wave modulated With spreading 
codes, analyZes a re?ected signal With a correlation detec 
tion algorithm, and determines the object distance from the 
poWer of correlation-detected values. High-speed serial lines 
are used here to distribute internally generated serial spread 
ing codes to correlation detection circuits inside the device. 

[0009] Typical devices for high-speed serial interface 
include serialiZers for parallel-to-serial conversion and dese 
rialiZers for serial-to-parallel conversion, Which are collec 
tively referred to as SerDes devices. SerialiZers consolidates 
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a plurality of loW-speed parallel signals into a single high 
speed serial signal, Whereas deserialiZers recover clock and 
data signals from a received high-speed serial signal to 
reconstruct the original parallel data signals. 

[0010] Data bits transmitted over a plurality of serial lines, 
hoWever, may not necessarily reach the destination at the 
same time; the signals may-have different phases at the 
receiving end. Since those phase differences degrade trans 
mission quality, an appropriate correction technique has to 
be implemented in such multi-channel systems so that the 
serial lines Will be in phase With each other or locked in a 
speci?ed phase. Several researchers have proposed the use 
of buffers to temporarily store a plurality of signals in the 
form of cells, the read timings for Which are controlled such 
that their outputs Will have no phase differences. See, for 
example, the Japanese Patent Application Publication No. 
6-164623 (1994), paragraphs [0009] to [0027] and FIG. 1. 

[0011] While the phase of each signal channel may be 
adjusted at the transmitting end, but the characteristics of 
transmission lines (e.g., backplane) Would affect the phase of 
individual signals before they arrive at the destination. For 
this reason, most conventional systems are designed to 
correct phase error on the receiver side. SerDes devices are 
not an exception. Their phase difference compensation func 
tion is implemented only in deserialiZers used at the receiv 
ing end. The lack of phase correction capability at the 
sending end is a problem for such systems that use received 
high-speed serial signals Without serial-to-parallel conver 
sion and thus have no deserialiZer devices. This leads to a 
demand for development of serial data transmitters With 
phase correction functions. 

[0012] The aforementioned Japanese Patent Application 
Publication No. 6-164623 discloses bitWise phase correction 
based on the difference detected in synchroniZation With 
clock pulses. The bitWise method, hoWever, does not Work 
for phase differences smaller than one bit time, such as those 
derived from transmission line characteristics. Also, the 
conventional clock-based design for phase difference detec 
tion circuits is unsuitable for serial interface With speeds of 
several gigabits per second, since it requires a clock fre 
quency much higher than the transmission rate. 

[0013] FIGS. 15A and 15B illustrate a problem of a phase 
difference smaller than a single bit time. Speci?cally, FIG. 
15A shoWs data bits With a delay of tWo bit times With 
respect to reference data, Which can be corrected by a 
process of bit-by-bit phase difference correction. FIG. 15B, 
on the other hand, shoWs a delay of one and half bits. 
Conventional phase difference correction, hoWever, is 
unable to correct error of a fraction of bit time. 

SUMMARY OF THE INVENTION 

[0014] In vieW of the foregoing, it is an object of the 
present invention to provide a data code transmission device 
that detects and corrects phase differences betWeen a plu 
rality of high-speed serial lines effectively at the sending end 
to ensure the quality of data transmission. 

[0015] It is another object of the present invention to 
provide a radar device that applies the data code transmis 
sion device With the above features. 

[0016] To accomplish the ?rst object stated above, the 
present invention provides a data code transmission device 
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that transmits a data code With a corrected phase. This data 
code transmission device comprises a reference code gen 
erator that generates a reference code; a phase corrector; and 
a data code transmitter. The phase corrector has a phase 
difference detector that produces a sWeep command signal 
for use in shifting the phase of a data code in a predeter 
mined sWeep range and compares the phase of the data code 
being shifted With the phase of the reference code to obtain 
phase difference data. It also has a correction signal gen 
erator that produces a correction signal, based on the phase 
difference data, to keep the data code in phase With the 
reference code. The data code transmitter has a data code 
generator that produces the data code, and a phase setter that 
shifts the data code in response to the sWeep command 
signal and optimiZes the phase of the data code according to 
the correction signal. 

[0017] Further, to accomplish the second object men 
tioned above, the present invention provides a radar device 
that detects an object. This radar device comprises, among 
others, a spreading code generator device. The spreading 
code generator device has a reference code generator, a 
phase corrector, and a spreading code generator. The refer 
ence code generator produces a reference code. The phase 
corrector produces a sWeep command signal for use in 
shifting the phase of a spreading code in a predetermined 
sWeep range, compares the phase of the spreading code 
being shifted With the phase of the reference code to obtain 
phase difference data, and produces a correction signal based 
on the phase difference data to keep the spreading code in 
phase With the reference code. The spreading code generator 
shifts the spreading code in response to a sWeep command 
signal and optimiZes the phase of the spreading code accord 
ing to a correction signal. The radar device further comprises 
a set of radio Wave signal transmitter and receiver, a corre 
lation detector, and a speed/distance detector. The radio 
Wave signal transmitter produces a radio Wave signal by 
modulating a carrier Wave With the reference code and emits 
the radio Wave signal into the air. The radio Wave signal 
receiver receives the radio Wave signal re?ected by an object 
and demodulates the received radio Wave signal into an 
in-phase component and a quadrature component. The cor 
relation detector produces correlation-detected values by 
performing correlation detection of the in-phase and quadra 
ture components using the spreading code. The speed/ 
distance detector calculates poWer of correlation-detected 
values to determine the distance to and the speed of the 
object. 
[0018] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a conceptual vieW of a data code trans 
mission device according to the present invention. 

[0020] FIG. 2 is a block diagram of a data code transmis 
sion device according to the present invention. 

[0021] FIG. 3 shoWs the concept of phase sWeeping of a 
data code. 

[0022] FIGS. 4A, 4B, 5A, and 5B shoW the code error 
count at various sWeep positions. 
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[0023] FIG. 6 shoWs the structure of an error detector. 

[0024] FIG. 7 is a timing diagram shoWing hoW a phase 
difference is detected. 

[0025] FIG. 8 is another timing diagram shoWing hoW a 
phase difference is detected. 

[0026] FIG. 9 shoWs a threshold of code errors. 

[0027] FIG. 10 shoWs the structure of a phase difference 
detector. 

[0028] FIGS. 11A, 11B, 12A, and 12B shoW correlation 
values at different sWeep positions. 

[0029] FIGS. 13 and 14 are a block diagram of a radar 
device. 

[0030] FIG. 15A illustrates bitWise correction of phase 
difference. 

[0031] FIG. 15B illustrates a phase difference of one and 
half bits, Which is uncorrectable. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Preferred embodiments of the present invention 
Will be described beloW With reference to the accompanying 
draWings, Wherein like reference numerals refer to like 
elements throughout. 

[0033] FIG. 1 is a conceptual vieW of a data code trans 
mission device according to the present invention. The data 
code transmission device 1 transmits a plurality of data 
codes D#1 to D#n in a phase-coherent manner. To correct 
their phase at the sending end, the illustrated device com 
prises the folloWing elements: a reference code generator 30, 
a phase corrector 10, and a plurality of data code transmitters 
20-1 to 20-n. 

[0034] The reference code generator 30 produces a refer 
ence code D#0. The phase corrector 10 comprises a phase 
difference detector 11 and a correction signal generator 12. 
The phase difference detector 11 produces sWeep command 
signals SP1 to SPn at the time of initialiZation, for use in 
shifting the phase of data codes D#1 to D#n in a predeter 
mined sWeep range. The phase difference detector 11 com 
pares the phase of each data code D#1 to D#n being shifted 
With that of the reference code D#0, thus obtaining phase 
difference data PD. From this phase difference data PD, the 
correction signal generator 12 produces corresponding cor 
rection signals C1 to Cn to keep the data codes D#1 to D#n 
in phase With the reference code D#0. 

[0035] The ?rst data code transmitter 20-1 comprises a 
phase setter 21-1 and a data code generator 22-1. The second 
to nth data code transmitters 20-2 to 20-n have their oWn 
phase setters 21-2 to 21-n and data code generators 22-2 to 
22-n, although not all of them are shoWn in FIG. 1. The data 
code generators 22-1 to 22-n produce data codes D#1 to 
D#n, respectively. The phase setters 21-1 to 21-n shift their 
respective data codes D#1 to D#n When so directed by 
corresponding sWeep command signals SP1 to SPn. They 
also optimiZe the phase of data codes D#1 to D#n according 
to corresponding correction signals C1 to Cn. 

[0036] A more speci?c structure and operation of the 
proposed data code transmission device Will noW be 
described beloW. FIG. 2 is a block diagram of a data code 
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transmission device according to the present invention. The 
phase corrector 10 in this data code transmission device 1-1 
has a phase difference detector 11-1 and a correction signal 
generator 12. The phase difference detector 11-1 contains a 
sWitch SW and an error detector 11a. Each data code 
transmitter 20-1 to 20-n has a phase setter 21 and a data code 
generator 22. The data code generator 22 is composed of a 
code generator 22a, a serialiZer 22b, and a splitter 22c, and 
so is the reference code generator 30. 

[0037] Data codes D#1 to D#n are sent out of the data code 
transmitters 20-1 to 20-n, each being in phase With reference 
code D#0. The following Will explain hoW this feature is 
realiZed in the present invention, taking data code D#1 
produced by the ?rst data code transmitter 20-1, for 
example. 
[0038] At the time of initialiZation, the code generator 22a 
generates a data code, Which the serialiZer 22b converts into 
a serial signal. The splitter 22c produces tWo replicas of this 
serial signal and sends one out through a port of the device 
1-1 While routing the other to the phase corrector 10. 

[0039] In the phase compensator 10, the sWitch SW selects 
one of its data code inputs D#1 to D#n, and We assume that 
the data code D#1 is currently selected. The error detector 
11a receives reference code D#0 from the reference code 
generator 30 and data code D#1 from the sWitch SW and 
compares their code bit values to yield a code error rate of 
D#1. The comparison result is provided to the correction 
signal generator 12 as phase difference data PD. During this 
process, the error detector 11a sends a sWeep command 
signal SP1 to the phase setter 21 to cause the phase of data 
code D#1 to vary Within a predetermined sWeep range. 
Based on this sWeep command signal SP1, the phase setter 
21 controls its corresponding code generator 22a so that the 
data code D#1 Will have the speci?ed phase. The error 
detector 11a compares the phase of data code D#1 With that 
of the reference code D#0 by detecting errors While sWeep 
ing the former over the speci?ed range. 

[0040] When the sWeep is ?nished, the correction signal 
generator 12 consults the resulting phase difference data PD 
and produces a correction signal C1 to make the data code 
D#1 align With the reference code D#0. In the present 
embodiment, the correction signal C1 indicates the mini 
mum code error and its phase angle identi?ed from the 
received phase difference data PD. 

[0041] The phase setter 21 gives an optimal phase to data 
code D#1 according to the given correction signal C1, and 
the data code generator 22 outputs data code D#1 With the 
speci?ed phase. The same phase correction process as 
described above is applied to all the remaining data codes 
D#2 to D#n, so that the data code transmission device 1-1 
can send all D#1 to D#n in phase When it is in operation. 

[0042] Referring next to FIG. 3 to FIG. 5, the folloWing 
Will describe phase correction control in the initialiZation 
stage. FIG. 3 shoWs the concept of phase sWeeping of a data 
code. In this example, reference code D#0 and data code 
D#1 are each consist of ten code bits #1 to #10. The sWeep 
range is —10 to +10, meaning that the distance of data code 
D#1 relative to reference code D#0 can be varied from —10 
code bit times to +10 code bit times. The step siZe of 
sWeeping is smaller than one bit time. 

[0043] FIGS. 4A, 4B, 5A, and 5B shoW the code error 
count at various sWeep positions. The vertical axis repre 
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sents code error count, i.e., the number of code errors 
detected, and the horiZontal axis represents sWeep positions 
in a range of —10 to +10. The code error count changes as 
the data code D#1 is shifted across the given range, relative 
to reference data D#0. This process proceeds in the folloW 
ing Way: 

[0044] (Si) The sWeep begins from point —10. The 
code error count is E1 until the sWeep reaches point 
P1. 

[0045] (S2) The code error count begins to decrease 
at point P1 and hits Zero at point P2. 

[0046] (S3) The code error count stays at Zero in the 
range betWeen points P2 and P3. After P3, it gradu 
ally increases until it reaches E1 at point P4. 

[0047] (S4) The code error count stays at E1 in the 
remaining range, point P4 to point +10. 

[0048] In this Way the phase of the data code D#1 is varied 
Within a range of —10 to +10 relative to the reference code 
D#0. The code error counts measured during this sWeep are 
sent by the error detector 11a to the correction signal 
generator 12 as phase difference data PD. Of all the received 
measurements, the correction signal generator 12 extracts a 
piece of phase difference data With the loWest code error 
count and sends it as a correction signal C1 to the phase 
setter 21. Since the code error count becomes Zero at point 
Pc in the present example, the data at that point is extracted 
as a correction signal C1, Which causes the phase setter 21 
to con?gure the-code generator 22a so that the data code 
D#1 Will start at point Pc. The code generator 22a begins 
generating data code D#1 according to the setup given by the 
phase setter 21. The above phase correction process may be 
applied to the remaining data code D#2 to D#n, so that the 
phase of every data code D#1 to D#n Will be adjusted at the 
time of initial setup. 

[0049] Referring to FIG. 6, the detailed structure and 
operation of the error detector 11a Will noW be described 
beloW. The error detector 11a is composed of an exclusive 
OR (XOR) gate 11a-1, a D ?ip-?op 11a-2, a sWeep com 
mand generator 11a-3, and a code error rate calculator 
11a-4. The XOR gate 11a-1 receives reference code D#0 on 
one input and data code D#1 on the other input, the latter 
being the output of the sWitch SW. The output of this XOR 
gate 11a-1 is connected to the clock input of the D ?ip-?op 
11a-2, Whose D input is pulled up to high, and Whose reset 
input is given a reset signal. What appears at Q output of the 
D ?ip-?op 11a-2 is a phase difference signal. 

[0050] The sWeep command generator 11a-3 outputs a 
sWeep command signal SP, as Well as providing the code 
error rate calculator 11a-4 With sWeep parameters indicating 
hoW much phase offset is currently given to the data code 
D#1 With respect to the reference code D#0. Based on the 
sWeep parameters, monitoring period parameters, and phase 
difference signal, the code error rate calculator 11a-4 cal 
culates the current code error rate and sends out the result as 
phase difference data PD. 

[0051] FIGS. 7 and 8 are timing diagrams shoWing hoW 
the error detector 11a detects a phase difference. Speci? 
cally, FIG. 7 shoWs a case Where data code D#1 has a 
four-bit delay With respect to reference code D#0, While 
FIG. 8 shoWs the case of a 05-bit delay. Their difference in 
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phase causes the D ?ip-?op 11a-2 to set its phase difference 
signal output to high. This state of the D ?ip-?op 11a-2 is 
maintained until an active reset signal comes at the end of 
each monitoring period. 

[0052] With a simple combination of an XOR gate and a 
?ip-?op, the error detector 11a can detect a phase difference 
not only When it is more than one bit, but also When it is 
smaller than one bit time. Unlike the conventional clock 
based detection method, the performance of the error detec 
tor 11a is not limited by the bitrate of serial data. 

[0053] Let M represent the monitoring period of phase 
difference measurement. The D ?ip-?op 11a-2 sets its output 
(i.e., phase difference signal) to high if any difference 
betWeen reference code D#0 and data code D#1 is found 
during the monitoring period M. Given a set of sWeep 
parameters and monitoring period parameters M, the code 
error rate calculator 11a-4 repeats the monitoring N times, 
each for the duration of M. If the result is L occurrences of 
an active phase difference signal, then the code error rate is 
calculated as (L/MxN). Initiation and termination of each 
monitoring cycle are controlled by negating and asserting a 
reset signal to the D ?ip-?op 11a-2, respectively. 

[0054] The process of phase detection could be shortened 
by narroWing the sWeeping range according to Whether the 
code error count is beloW a threshold. The phase difference 
detector 11-1 uses a threshold TH in evaluating code error 
counts, as indicated by the horiZontal broken line in FIG. 9. 
The example of FIG. 9 shoWs tWo regions H1 and H3 Where 
the code error count is above the threshold TH. In H1 and 
H3, the phase difference detector 11-1 skips calculation of 
code error rates since the data code D#1 is considered to 
have a large phase difference With respect to the reference 
code D#0. That is, upon detection of many code errors 
exceeding the threshold TH, the phase difference detector 
11-1 terminates the current measurement immediately and 
proceeds to the next sWeep position. In the middle region 
H2, on the other hand, the code error count is beloW the 
threshold TH, Which permits the phase difference detector 
11-1 to calculate a code error rate, fully repeating a prede 
termined number of monitoring cycles. This control makes 
it possible to reduce the time required for phase correction 
in the initialiZation stage. 

[0055] As an alternative implementation of the phase 
difference detector 11-1, it may calculate correlation 
betWeen reference code D#0 and data code D#1 to detect a 
phase difference. FIG. 10 shoWs the structure of a phase 
difference detector of this alternative version. The illustrated 
phase difference detector 11-2 has a sWitch SW and a 
correlation calculator 11b. The correlation calculator 11b is 
composed of a mixer 11b-1, a loWpass ?lter (LPF) 11b-2, 
and an analog-to-digital converter 11b-3. 

[0056] In the correlation calculator 11b, the mixer 11b-1 
mixes a selected data code, say D#1, With reference code 
D#0 to detect their correlation Within a given sWeep range. 
The LPF 11b-2 removes harmonic components from the 
analog correlation signal appearing at the mixer output. The 
A/D converter 11b-3 converts the LPF output to digital 
values, thus providing phase difference data PD. 

[0057] More speci?cally, the mixer 11b-1 multiplies cor 
responding code bits of reference code D#0 and data code 
D#1 to yield a correlation value. If, for example, that the 
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reference code D#0 has a code bit value of “1” at a particular 
moment, While the data code D#1 shoWs a value of “1” at the 
same moment, then their correlation Will be “1” since the 
tWo code bit values agree With each other. For another 
example, suppose that the reference code D#0 has a code bit 
value of “1” While the data code D#1 shoWs a value of “0.” 
In this case, the correlation value should be “0” since the tWo 
code bit values disagree. The mixer 11b-1 outputs a signal 
With an amplitude that is proportional to the degree of 
correlation betWeen tWo given data codes. 

[0058] Referring next to FIG. 11A and subsequent dia 
grams, the folloWing Will describe phase correction at the 
initialiZation stage. FIGS. 11A, 11B, 12A, and 12B shoW 
correlation values at different sWeep positions. The vertical 
axis represents correlation values and the horiZontal axis 
represents sWeep positions in a range of —10 to +10. The 
correlation value changes as the data code D#1 is shifted 
across the given range. This process proceeds in the folloW 
ing Way: 

[0059] (S11) The sWeep begins from point —10. The 
correlation value remains Zero until the sWeep 
reaches point P1, meaning that there is no correlation 
betWeen reference code D#0 and data code D#1. 

[0060] (S12) The correlation value begins to increase 
at point P1 and reaches Cr at point P2. 

[0061] (S13) The correlation value stays at Cr in the 
range betWeen points P2 and P3. After P3, the 
correlation value gradually decreases until it hits 
Zero at point P4. 

[0062] (S14) The correlation value is Zero in the 
remaining range, point P4 to point +10. 

[0063] In this Way the phase of data code D#1 is varied 
Within a range of —10 to +10 relative to the reference code 
D#0. The correlation values measured during this sWeep are 
sent by the correlation calculator 11b to the correction signal 
generator 12 as phase difference data PD. Of all the received 
measurements, the correction signal generator 12 extracts a 
piece of phase difference data With the highest correlation 
value and sends it as a correction signal C1 to the phase 
setter 21. Since the correlation value hits a peak Cr at point 
Pc in the present example, the data at that point is extracted 
as a correction signal C1, Which causes the phase setter 21 
to con?gure the code generator 22a so that the data code 
D#1 Will start at point Pc. The code generator 22a begins 
generating data code D#1 according to What the phase setter 
21 has set up. 

[0064] The above phase correction process may be applied 
to the other data codes D#2 to D#n, so that the phase of every 
data code D#1 to D#n Will be adjusted at the time of initial 
setup. Or, if required, each data code D#1 to D#n may be 
given a different phase. In this case the correction signals C1 
to Cn should be modi?ed to have different values to specify 
intended phase angles. 

[0065] The data code transmission device 1 of the present 
invention can be applied to radar devices. FIGS. 13 and 14 
give a block diagram of a radar device. This radar device 100 
uses ultra Wide band (UWB) Waves to measure the distance 
and relative speed betWeen objects. Applications of such 
radar devices include the intelligent transport systems (ITS) 
using inter-vehicle communication (IVC) technologies. 






