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(57) ABSTRACT 
An adjustment technique allowing easy adjustment of a 
phase shifter is disclosed. A programmable logic device 
(PLD) is connected to the phase shifter so as to correct a 
Standard vector depending on correction data written 
thereto. When Supplying a Standard input signal to the phase 
shifter, the phase and amplitude of the output Signal is 
measured. A Standard vector for a Sequentially Selected one 
of a plurality of phase points is generated and outputted to 
the phase shifter. Correction data for a Selected phase point 
is calculated based on the measured phase and amplitude. A 
VHDL Source program is generated from the corrected data 
for all the phase points to write the correction data into the 
PLD. 
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PHASE ADJUSTMENT TECHNIQUE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the invention 
0002 The present invention generally relates to phase 
adjustment techniques, and in particular to a phase adjust 
ment System and method for a phase shifter. 
0003 2. Description of the Related Art 
0004. There has been proposed an endless phase shifter 
(hereinafter abbreviated as EPS) having a read-only memory 
(ROM) used as a non-linear converter in Japanese Patent 
Application Unexamined Publication No. H05-55872. More 
specifically, the ROM stores sine wave data, which is read 
out depending on a given address Signal. The EPS is 
provided with an accumulator Storing phase data, which is 
used as an address Signal to read Sine wave data from the 
ROM. Accordingly, by converting the read Sine wave data 
from digital to analog, the analog Sine wave signal whose 
phase is controlled depending on the phase data can be 
obtained. It is Supplied as a local oscillation signal to a mixer 
to produce an output signal having a phase thereof also 
controlled depending on the phase data. 
0005. As another prior art, a correction data generator for 
a multi-level and multi-phase modulator has been proposed 
by the Inventor (see Japanese Patent Application Unexam 
ined Publication No. H01-133452). According to the cor 
rection data generator, when the modulator is provided with 
reference data for each or the multi-level points, the phase 
and amplitude of an output of the modulator are measured 
and compared with the reference data to produce correction 
data. The correction data is updated until the measured phase 
and amplitude data are within the Specifications. The final 
correction data for each multi-level point is written into a 
ROM by a ROM writer. The ROM storing the above 
correction data is mounted in the modulator and thereafter 
verification is performed to check whether the modulator 
produces a precise modulation vector. 

0006. However, such a ROM needs a considerably large 
connection Space or hole, causing a problem about Space 
Saving. Especially, a high-frequency circuit Such as an EPS 
is Susceptible to Such a Space or hole, which may cause 
deteriorated characteristics of modulation, resulting in more 
difficult circuit design. 
0007 Recently, the trend has been for the capacity of a 
ROM to increase more and more and a relatively small 
capacity ROM to be dropped from production. However, the 
above-described correction data can be Stored in only a 
Small-capacity ROM without the need of a large-capacity 
ROM. Therefore, if a large-capacity ROM must be used, 
undesired cost is increased. 

0008 Further, in the case of a correction data storing 
ROM, it is not easy to adjust and write correction data onto 
the ROM. 

SUMMARY OF THE INVENTION 

0009. An object of the present invention is to provide 
adjustment System and method which can achieve a down 
sized endleSS phase shifter without decreasing in phase shift 
characteristics. 
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0010 Another object of the present invention is to pro 
vide a System and method allowing easy adjustment of a 
phase shifter. 
0011. According to an aspect of the present invention, an 
endleSS phase shifter includes: a phase shifter for shifting a 
phase of an output Signal depending on a phase control 
Signal; and a programmable logic device (PLD) connected to 
the phase shifter, for correcting a Standard vector depending 
on correction data to output a corrected vector as the phase 
control signal to the phase shifter, wherein the correction 
data is written into the PLD through a download computer 
connected to a computer. 
0012. According to another aspect of the present inven 
tion, a System for adjusting a phase shifter includes: a 
programmable logic device (PLD) connected to the phase 
shifter, for correcting a Standard vector depending on cor 
rection data written thereto, an analyzer for Supplying a 
Standard input signal to the phase shifter and analyzing an 
output Signal of the phase shifter to measure phase and 
amplitude of the output signal; and a processor for gener 
ating a Standard vector for a Sequentially Selected one of a 
plurality of phase points to output it to the phase shifter, 
calculating correction data for a Selected phase point based 
on the measured phase and amplitude obtained by the 
analyzer, and generating a writer for writing correction data 
for all the phase points into the programmable logic device. 
0013 The processor may write predetermined data in the 
PLD to set the PLD for a through state where the standard 
vector passes through the PLD to the phase shifter. The 
Standard Vector may be transferred from the processor to the 
PLD through a download connector. Tho writer may be a 
data writing program which is automatically generated 
depending on the correction data for all the phase points. The 
data writing program may be described in a hardware 
description language (HDL). 
0014. The processor may calculate correction data for 
each of a plurality of previously Selected phase points and 
then calculates correction data for all the phase points by 
estimating correction data for phase points positioned 
between adjacent ones of the Selected phase points using 
interpolation. 

0015 According to further another aspect of the present 
invention, a method for adjusting a phase shifter includes the 
Steps of: a) providing the phase shifter with a standard vector 
for a sequentially Selected one of a plurality of phase points; 
b) analyzing an output signal of the phase shifter to measure 
phase and amplitude of the output signal with respect to an 
input standard Signal; c) calculating correction data for a 
Selected phase point based on the measured phase and 
amplitude; d) storing correction data for all the phase points; 
and c) writing the correction data in a programmable logic 
device (PLD) so as to provide the phase shifter with a 
corrected vector for each of the phase points. 

0016. The step (c) may include the steps of c.1) deter 
mining whether the measured phase and amplitude fall into 
a predetermined range; c.2) when the measured phase and 
amplitude fall out of the predetermined range, generating an 
updated vector by changing the Standard vector based on 
errors between the measured phase and amplitude and the 
predetermined range; c.3) providing the phase shifter with 
the updated vector; c.4) reporting the Steps (b), (c.1), (c.2), 
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and (c.3) until the measured phase and amplitude fall into 
the predetermined range; c.5) when the measured phase and 
amplitude fall into the predetermined range, calculating 
correction databased on the updated vector and the Standard 
VectOr. 

0017. The step (c) may further include the step of: c.6) 
calculating correction data for phase points positioned 
between adjacent ones of the Selected phase points using 
interpolation. 

0018 The step (a) may include the steps of (e.1) auto 
matically generating a data Writing program depending on 
the correction data for all the phase points; and e.2) writing 
the correction data in the programmable logic device (PLD) 
by executing the data writing program. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 is a block diagram showing an adjustment 
System for an endless phase shifter (EPS) according to an 
embodiment or the present invention; 
0020 FIG. 2 is a block diagram showing an example of 
a programmable logic device (PLD) used in the embodi 
ment, 

0021 FIG. 3 is a flowchart showing an EPS adjustment 
method according to the embodiment, and 
0022 FIG. 4 is a diagram showing a part of a VHDL 
Source program that has been automatically edited. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023) Referring to FIG. 1, an endless phase shifter (EPS) 
10 includes a phase shifter 11 and a controller 12. An output 
terminal and input terminal of the phase shifter 11 are 
connected to an output terminal 13 and input terminal 14 of 
the EPS, respectively. The controller 12 Supplies SIN (sine) 
and COS (cosine) data X and Y to the phase shifter 11, which 
shifts the phase of an input Signal depending on the Sine and 
cosine data X and Y. 

0024. The phase shifter 11 includes a hybrid 101, a pair 
of balance modulators 102 and 103, and a hybrid 104. The 
input Signal received at the input terminal 14 is blanched by 
the hybrid 101 to be outputted to the balance modulators 102 
and 103. The balance modulator 102 shifts the phase of an 
output signal using the cosine wave signal X received from 
the controller 12. The balance modulator 103 shifts the 
phase of an output signal using the Sine wave signal Y 
received from the controller 12. The respective output 
signals of the balance modulators 102 and 103 are combined 
by the hybrid 104 to produce a phase-shifted output signal, 
which is outputted from the output terminal 13. 
0.025 The controller 12 includes a programmable logic 
device (hereinafter abbreviated as PLD) 105, digital-to 
analog (DA) converters 106 and 107. In an adjustment mode 
after through data has been written into the PLD 105 as 
described later, the PLD 105 receives vector data of SIN and 
COS data for each of selected phase points from the com 
puter 15 and outputs the SIN data and the COS data to 
respective ones of the DA converters 106 and 107. The 
analog cosine wave signal X is output from the DA converter 
106 to the balance modulator 102 and the analog sine wave 
signal Y is output from the DA converter 107 to the balance 
modulator 103. 
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0026. In an operation mode after correction data has been 
written into the PLD 105, the PLD 105 produces corrected 
SIN and COS data from input vector data so that the EPS 10 
outputs a desired precise Signal. 
0027. In an adjustment system including a network ana 
lyzer 14 and a computer 15, the output terminal 13 of the 
EPS 10 is connected to an input terminal of the network 
analyzer 14. An output terminal of the network analyzer 14 
is connected to the input terminal 14 of the EPS 10. The 
network analyzer 14 outputs a Standard Signal to the phase 
shifter 11 and then inputs a phase-shifted output signal from 
the phase shifter 11. The network analyzer 14 analyzes the 
phase-shifted output Signal to measure the amplitude and 
phase thereof. 
0028. The computer 15 controls the operations of the 
adjustment System. The computer 15 receives the measured 
amplitude and phase data from the network analyzer 14 and 
produces the vector data (SIN and COS data) and correction 
data for each of the Selected phase points of a Standard Sine 
wave according to an adjustment control program running 
on the computer 15. As described later, tho computer 15 has 
a memory 1501 for storing correction data for each of all the 
predetermined phase points of the Standard Sine wave. A 
program memory 16 Stores control programs including the 
adjustment control program, a PLD data write program, and 
other necessary programs. 
0029) Referring to FIG. 2, the PLD 105 includes eight 
PLD units PU(1)-PU(8) and a serial-to-parallel converter 
(not shown), which converts Serial data received from the 
computer 15 to parallel data. Each of the PLD units PU(1)- 
PU(8) includes a 16x16 AND array, a four-OR array, and 
four flip-flop circuits (FFs). In this embodiment, the PLD 
units PU(1)-PU(8) provide a sufficient capacity to store 
correction data for all the preassembled phase points of the 
standard sine wave. In the case of a 64k-ROM used for 
non-linear conversion, a large capacity may be useleSS. 

EPS ADJUSTMENT OPERATION 

0030. It is assumed that phase points for measurement are 
previously Selected from the predetermined phase points of 
the Standard Sine wave So as to increase the Speed of 
adjustment operation and that the network analyzer 14 
outputs the Standard Signal to the phase shifter 11 and inputs 
the phase-shifted output Signal corresponding to the given 
Standard Signal from the phase shifter 11. 
0031 Referring to FIG. 3, when starting the EPS adjust 
ment program running on a microprocessor of the computer 
15, the computer 15 writes the through data in the PLD 105 
via a download connector So that the PLD 105 transferS data 
received from the computer 15 as it is to the DA converters 
106 and 107 (step A1). 
0032. Thereafter, the computer 15 determines whether a 
phase point in question is the last of the Selected phase points 
(step A2). When it is not the last phase point (NO at step A2), 
the computer 15 sends the standard vector data of SIN and 
COS data for the said phase point to the PLD 105 (step A3). 
0033. When receiving the SIN and COS data for the 
selected phase point from the computer 15, tho PLD 105 
outputs tho SIN data and the COS data as they are to 
respective ones of the DA converters 101 and 107. Accord 
ingly, an analog Standard cosine wave Signal X is output 
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from the DA converter 106 to the balance modulator 102 and 
an analog Standard Sine wave signal Y is output from the DA 
converter 107 to the balance modulator 103. The phase 
shifter 11 shifts the phase of its output signal depending on 
the Standard cosine and Sine wave signals X and Y to output 
the phase-shifted Signal to the network analyzer 14. 
0034. The network analyzer 14 analyzes the phase 
shifted output signal to measure the amplitude and phase 
thereof and outputs the measured amplitude and phase data 
for the said phase point to the computer 15. 
0035. When receiving the measured amplitude and phase 
data for the Said phase point from the network analyzer 14 
(step A4), it is determined whether the measured amplitude 
and phase data fall within predetermined specifications (Step 
A5). If out of the predetermined specifications (NO at step 
A5), then the computer 15 calculates an error vector based 
on the measured data and the specifications (Step A6) and the 
control goes back to the Step A3 So that vector data updated 
by the calculated error vector is sent to the PLD 105. In this 
manner, the StepS A3 through A6 are repeatedly performed 
while changing vector data until the measured amplitude and 
phase data fall within the predetermined Specifications. 
0.036 When the measured amplitude and phase data fall 
within the predetermined specifications (YES at step A5), 
the computer 15 computes correction data for the Said phase 
point from the finally updated vector data and the Standard 
vector data and Stores the correction data for the Said phase 
point into the correction data memory 1501 (step A7). At this 
Stage, the computer 15 can estimate correction data for phase 
points positioned between the previous phase point and the 
Said phase point by using linear approximation or Taylor's 
Series expansion and Stores the correction data for these 
phase points in the correction data memory 1501. Then, the 
phase point is shifted to the next phase point (step A8) and 
the control goes back to the Step A2. 
0037. The steps A2 through A8 are repeatedly performed 
until the correction data for all the Selected phase points have 
been calculated. When measurement and calculation for all 
the phase points have been completed (YES at step A2), the 
computer 15 starts the data write program to generate a 
VHDL Source program that describes a logic circuit imple 
menting the correction data for all the phase points to be 
written onto the PLD 105 (step A9). The VHDL source 
program is described using HDL (hardware description 
language) such as VHDL as shown in FIG. 4, which is easy 
to be edited. 

0038. Then, the computer 15 complies the VHDL source 
program to produce a gate-level data file, which is used to 
write the correction data onto the PLD 105 through the 
download connector (step A10). Thereafter, verification is 
made (step A11). 
0.039 Therefore, compared with the case using a ROM, 
the PLD causes the time required for adjusting and Storing 
correction data to be considerably reduced. Further, Since 
VHDL program can be automatically generated and used 
before actual implementation, the adjustment proceSS 
becomes simplified and the reliability and quality of the 
System are Substantially improved. 

0040. Furthermore, since the download connector is used 
to perform the phase adjustment for the EPS10, only a small 
hole for the download connector is needed, which results in 
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that a downsized EPS can be achieved without reducing in 
reliability and quality of the whole System. In contrast, 
according to the prior art using the ROM, a relatively large 
hole for installing the ROM is needed, resulting in effective 
influence on the high-frequency characteristics. 
0041 AS described above, the PLD is used for non-linear 
conversion to Store correction data for the phase shifter in 
place of the ROM. Therefore, the procedure of adjustment 
can be simplified and the time required for the adjustment is 
reduced. This may cause the cost of an EPS to be reduced. 
In addition, since only a small hole for the download 
connector is needed, the high-frequency characteristics of 
the EPS become stable and reliable. 

1. An endleSS phase shifter comprising 
a phase shifter for shifting a phase of an output Signal 

depending on a phase control Signal; and 
a programmable logic device (PLD) connected to the 

phase shifter, for correcting a Standard vector depend 
ing on correction data to output a corrected vector as 
the phase control Signal to the phase shifter, wherein the 
correction data is written into the PLD through a 
download connector connected to a computer. 

2. A System for adjusting a phase shifter, comprising: 
a programmable logic device (PLD) connected to the 

phase shifter, for correcting a Standard Veactor depend 
ing on correction data written thereto; 

an analyzer for Supplying a Standard input Signal to the 
phase Shifter and analyzing an output Signal of the 
phase shifter to measure phase and amplitude of the 
output signal; and 

a processor for generating a Standard vector for a Sequen 
tially Selected one of a plurality of phase points to 
output it to the phase shifter, calculating correction data 
for a Selected phase point based on the measured phase 
and amplitude obtained by the analyzer, and generating 
a writer for writing correction data for all the phase 
points into the programmable logic device. 

3. The System according to claim 2, wherein the processor 
writes predetermined data in the PLD to set the PLD for a 
through State where the Standard vector passes through the 
PLD to the phase shifter. 

4. The System according to claim 3, wherein the Standard 
vector is transferred from the processor to the PLD through 
a download connector. 

5. The system according to claim 2, wherein the writer in 
a data writing program which is automatically generated 
depending on the correction data for all the phase points. 

6. The System according to claim 5, wherein the data 
Writing program is described in a hardware description 
language (HDL). 

7. The System according to claim 2, wherein the processor 
calculates correction data for each of a plurality of previ 
ously Selected phase points and then calculates correction 
data for all the phase points by estimating correction data for 
phase points positioned between adjacent ones of the 
Selected phase points using interpolation. 

8. A method for adjusting a phase shifter, comprising the 
Steps of 

a) providing tho phase shifter with a standard vector for 
a Sequentially Selected one of a plurality of phase 
points; 
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b) analyzing an output signal of the phase shifter to 
measure phase and amplitude of the output signal with 
respect to an input Standard Signal; 

c) calculating correction data for a selected phase point 
based on the measured phase and amplitude; 

d) Storing correction data for all the phase points; and 
e) writing the correction data in a programmable logic 

device (PLD) so as to provide the phase shifter with a 
corrected vector for each of the phase points. 

9. The method according to claim 8, wherein the step (c) 
comprises the Steps of: 

c.1) determining whether the measured phase and ampli 
tude fall into a predetermined range; 

c.2) when the measured phase and amplitude fall out of 
the predetermined range, generating an updated vector 
by changing the Standard vector based on errors 
between the measured phase and amplitude and the 
predetermined range; 

c.3) providing the phase shifter with the updated vector; 
c.4) repeating the steps (b), (c.1), (c.2), and (c.3) until the 

measured phase and amplitude fall into the predeter 
mined range; 

c.5) when the measured phase and amplitude fall into the 
predetermined range, calculating correction databased 
on the updated vector and the Standard Vector. 

10. The method according to claim 9, wherein the step (c) 
further comprises the step of 

c.6) calculating correction data for phase points posi 
tioned between adjacent ones of the Selected phase 
points using interpolation. 
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11. The method according to claim 8, wherein the Step (a) 
comprises the Steps of: 

e.1) automatically generating a data writing program 
depending on the correction data for all the phase 
points, and 

e.2) writing the correction data in the programmable logic 
device (PLD) by executing the data writing program. 

12. The method according to claim 11, wherein the data 
Writing program is described in a hardware description 
language (HDL). 

13. The method according to claim 8, wherein the PLD 
has been Set to a through State where data passes through the 
PLD to the phase shifter before the step (a). 

14. The method according to claim 11, wherein the Step 
(c) comprises the Steps of: 

c.1) determining whether the measured phase and ampli 
tude fall into a predetermined range; 

c.2) when the measured phase and amplitude fall out of 
the predetermined range, generating an updated vector 
by changing the Standard Vector based on errors 
between the measured phase and amplitude and the 
predetermined range; 

c.3) providing the phase shifter with the updated vector; 
c.4) repeating the steps (b), (c.1), (c.2), and (c.3) until the 

measured phase and amplitude fall into the predeter 
mined range; 

c.5) when the measured phase and amplitude fall into the 
predetermined range, calculating correction databased 
on the updated vector and the Standard Vector. 

k k k k k 


