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Abstract  This paper describes a phase variable phase lock loops (PLL) oscillator using imperfect integral loop filter as the 
mechanism to enable local signal phase to shift. The circuit configuration to achieve a beamformer by the oscillator array is 
simple and expected for low power consumption. In the experiment, PLL output phase was shifted by controlling the leak 
current in the loop filter. 
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࡟ࡵࡌࡣ .1  

ྛࡣ࡟ࡵࡓࡿࡍᵓ⠏ࢆࢼࢸࣥ࢔࢖ࣞ࢔ࢻࢬ࣮࢙ࣇ

ಙྕ⥺↓ࡿࢀࡉ㏦ಙࡽ࠿ࢼࢸࣥ࢔ (RF ಙྕ ఩┦ไࡢ(

ᚚࡀᚲせࡿ࡞࡟㸬఩┦ไᚚࡣ࡟࠺⾜ࢆ㸪RF ಙྕࡢ఩┦

ಙྕࢻࣥࣂࢫ㸪࣮࡚࣋࠼ຍ࡟᪉ἲࡿࡍ᥋ไᚚ┤ࢆ (BB
ಙྕ 㛫᥋ⓗ࡚ࡋไᚚࢆ┦఩ࡢಙྕ࣮ࣝ࢝ࣟࡸ┦఩ࡢ(

࡟ RF ಙྕࡢ఩┦ࢆไᚚࡿࡍ᪉ἲࡿ࠶ࡀ㸬↓⥺㏦㟁ࡢ

ࡢ఩┦ჾࠊࡣ࡚࠸࠾࡟ࣥࣙࢩ࣮ࢣࣜࣉ࢔ᖏᇦ⊂࡞࠺ࡼ

㟁ຊᦆኻ᭱ࢆᑠ㝈࡟ᢚࡿࡁ࡛ࡀ࡜ࡇࡿ࠼Ⓨ᣺※ࡢ఩┦

ࡿࡍ᥋ไᚚ┤ࢆ RF ఩┦ᘧࡀ㐺࡛ࡇࡑࠋࡿ࠸࡚ࡋ㸪ᮏ

ࡣ࡛✲◊ PLL(Phase Locked Loop)ࡿࡼ࡟఩┦ไᚚᶵ⬟

ࡘᣢࢆ RF Ⓨ᣺ჾືࠊ࡚࠸ࡘ࡟సཎ⌮ࡋ┠╔࡚࠸ࡘ࡟

᳨ウࠋࡓࡋ  

2. ఩┦ྍኚ PLL 
PLL(Phase Locked Loop)ࡣ㸪ධຊಙྕ࡟ṇ☜ྠ࡟ᮇࡋ

ಙࣝࢱࢪ࢕ࢹ㸬ࡿ࠶ᅇ㊰࡛ࡿࡍⓎ᣺ࢆಙྕࡢ࿘Ἴᩘࡓ

ࡸ㸪ᦠᖏ㟁ヰࡵࡓࡿࡁไᚚ࡛ࢆ࿘Ἴᩘ࡟☜ṇࡾࡼ࡟ྕ

↓⥺ᶵ࡟ᚲせ୙ྍḞ࡞ᅇ㊰࡛ࡿ࠶㸬ࡓࡲ㸪࣐ࣉࣟࢡ࢖

㸪ࡾ࠾࡚ࢀࡉ⏝฼ࡶ࡟࡝࡞㏴ಸࢡࢵࣟࢡෆ㒊ࡢࢧࢵࢭࣟ

௒᪥ࡢ↓⥺ᢏ⾡ࢱ࣮ࣗࣆࣥࢥࡸᢏ⾡࡟኱ࡃࡁ㈉⊩࡚ࡋ

㸬PLLࡿ࠸ ࡿ࠶ࡀᵓᡂࡢ✀ᩘ࡚ࡌᛂ࡟ⓗ┠ࡢࡑ㸪ࡣ࡟

㸪ᅗ࡚ࡋ࡜㏴ಸᅇ㊰ࡣ࡛ࡇࡇ㸪ࡀ 1 ࢡࢵࣟࣈ࡞࠺ࡼࡢ

㸬ࡿ࠼⪄ࢆᅇ㊰ࣉ࣮ࣝࡿ࡞ࡽ࠿  

 

 
ᅗ  1. PLL ᅗࢡࢵࣟࣈᇶᮏࡢ  

 
఩┦ẚ㍑ჾࡣ㸪஧ࡢࡘධຊࡢ఩┦ᕪࢆ㟁ὶࡸ㟁ᅽ࡜

㸪VCOࡾ࠶࡛ࡢࡶࡿࡍฟຊ࡚ࡋ ࿘࡚ࡌᛂ࡟ไᚚ㟁ᅽࡣ

ἼᩘୖࡀୗࡿࡍⓎ᣺ჾ࡛ࡿ࠶㸬࣮ࣝࡣࢱࣝ࢕ࣇࣉ㸪఩

┦ẚ㍑ჾࡢฟຊࡽ࠿఩┦ẚ㍑࿘Ἴᩘ (఩┦ẚ㍑ჾධຊ

࿘Ἴᩘࡿ࠼ຍ࡟ ࡁ㝖ࡾྲྀࢆᡂศࡢ( VCO ࢆไᚚ㟁ᅽࡢ

ᩚᙧ࡟ࡵࡓࡿࡍᚲせࡿ࠶࡛ࢱࣝ࢕ࣇ࡞㸬ࡢࡽࢀࡇ఩┦

ẚ㍑ჾ㸪࣮ࣝࢱࣝ࢕ࣇࣉ㸪VCO㸪1/N ศ࿘ჾࡾࡼ࡟ᙧ

ᡂࡣࣉ࣮ࣝࡓࢀࡉ㈇ᖐ㑏ࢆᵓᡂࡋ㸪఩┦ẚ㍑ჾࡢධຊ

఩┦ᕪࡀ 0 ࡿ࡞࡟㸬Ᏻᐃ≧ែࡿࡍᏳᐃ࡛ࢁࡇ࡜ࡿ࡞࡟

ࢆ࡜ࡇ PLL ࡁ࡜ࡢࡇ㸪࠸࠸࡜ࡿࡍࢡࢵࣟࡀ VCO ฟࡢ

ຊ఩┦࡜ཧ↷ಙྕࡢ఩┦ࡢ࡜㛫࡟ḟᘧࡀᡂ❧ࡿࡍ㸬  
 

 

 
(1) 
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PLL ⇁ᡥ֥̿↗ↆ↕ဇⅳ↺ↂ↗↖ RF ࠘↝ႆਰ֥⇁

ನሰ↖ⅼ↺ⅻ≏∑∞⇽⇻⇉∑⇥↚پ߻⇁ьⅷ↺ↂ↗↚

↷↹≏Јщↄ↻↺ RF ̮ӭ↝ˮႻ⇁Сࣂↈ↺ↂ↗ⅻ↖

ⅼ↺≑  
 
ˮႻൔ᠋֥↚λщↄ↻↺̮ӭ↞⇭⇉⇞⇥∑̮ӭ↖

ⅱ↺ⅺ↸≏ˮႻ⇁ൔ᠋ↈ↺↗↞≏λщ̮ӭ↝ᇌ←ɥⅻ

↹Ӎ↞ᇌ←ɦⅻ↹↝⇥⇊∅∙⇖↝ࠀ⇁ൔ᠋ↈ↺ↂ↗↗

↙↺≑↭↎≏ൔ᠋ኽௐ⇁ᩓ්↗ↆ↕Јщↈ↺ೞನ⇁⇧

∉∞⇞∃∙⇽↗Ԡ↥≑⇧∉∞⇞∃∙⇽↝ಒࣞ׋⇁׋ 2
↚ᅆↈ≑  

 

 

 
׋ 2‒ ⇧∉∞⇞∃∙⇽↝ಒࣞ׋  

 
ˮႻൔ᠋֥↚λщↄ↻↺ R Ўԗↄ↻↎Ӌༀ̮ӭ↝ˮ

Ⴛ⇁ ≏N Ўԗↄ↻↎̮ᢩ࠙ӭ↝ˮႻ⇁ ↗ↈ↺≑⇧

∉∞⇞∃∙⇽Јщ˄ⅼ↝ˮႻൔ᠋֥↞≏ↂ↻↸ʚ↓↝

ˮ Ⴛ ↝ ᇌ ← ɥ ⅻ ↹ ⇎ ⇩ ⇞ ↚ ݣ ↆ ↕ ≏ Source ∝

High-Impedance∝Sink ↝ 3 ↓↝ཞ७⇁ਤ↓Јщ⇁˺↺

ↂ↗ⅻ↖ⅼ↺≑ܱᨥ↝ѣ˺̊⇁׋ 3 ↚ᅆↈ≑  
 

 
 

׋ 3‒ ⇧∉∞⇞∃∙⇽ᩓ්Јщ׹  

ˮႻൔ᠋֥↝ѣ˺̊  

 
↕ↆݣ↚ ⅻ᡿↻↕ⅳ↺ئӳ↚↞≏↌↝ˮႻࠀ↚

ࣖↇ↎ദ↝⇷∑⇟ⅻဃↇ≋Source≌≏ᡞ↚≏ ↕ↆݣ↚

ⅻ᡿↻↕ⅳ↺ئӳ (Sink)↚↞≏᝟↝⇷∑⇟ⅻဃↇ↺≑

↗ ↝ˮႻⅻɟᐲↆ↕ⅳ↺ئӳ↚↞⇧∉∞⇞∃∙⇽

ⅺ↸↝Јщ↞ဃↇ↙ⅳ (High-Impedance)≑  

ྸᛯႎ↚↞ PLL ⅻ∓⇩⇕ↆ↕ⅳ↺ཞ७↚ⅹⅳ↕≏Ӌ

ༀ̮ӭ↗Јщ̮ӭ↝᧓↚↞έ↚ᅆↆ↎ࡸ (1)↝᧙̞ⅻ

঺↹ᇌ↓≑ↂ↝↗ⅼ≏⇧∉∞⇞∃∙⇽Јщ↞׋ 4(a)↚
ᅆↈ↷ⅵ↚⇵⇊⇊∙⇺∞⇦∙⇟ཞ७ⅻਤዓↆ↕ⅳ↺࣏

ᙲⅻⅱ↺≑  
 

 

‒ ‒ (a)Ⴘႎ∓⇩⇕ཞ७‒ ‒ (b)ܱᨥ↝∓⇩⇕ཞ७  
 

׋ 4‒ ∞∌⇧↗ཞ७↚ⅹↀ↺ˮႻൔ᠋֥ࠝܭ

⇞∃∙⇽↝ѣ˺  

 
ↆⅺↆ≏ܱᨥ↝∓⇩⇕ཞ७↖↞≏⇧∉∞⇞∃∙⇽↝

⇵⇊⇊∙⇺∞⇦∙⇟ཞ७↚↷↹ᩓᒵ⇁∑∞⇽⇻⇉∑⇥

ϋ↚᧍ↇᡂ↰↺ↂ↗↚↞ᨂမⅻⅱ↹≏VCO ↝Јщⅻ٭

҄ↈ↺≑PLL μ˳↗ↆ↕↞ VCO ↝Сࣂᩓן⇁̬↗ⅵ

↗ↈ↺↎↰↚≏׋ 4(b)↚ᅆↈ↷ⅵ↚⇧∉∞⇞∃∙⇽ⅻ

๨↻ᩓᒵ⇁ᙀⅵ↎↰↝⇷∑⇟ᩓ්⇁Јщↈ↺≑ↂ↝ᙀ

Νᩓ්↚↷↹≏Ӌༀ̮ӭ↗Јщ̮ӭ↝᧓↚ˮႻࠀⅻဃ

ↇ≏ↂ↻⇁ࠝܭˮႻࠀ↗Ԡ↥≑  
ↈ܍̔↚ⅻ⇧∉∞⇞∃∙⇽↝ᙀΝᩓ්ࠀˮႻࠝܭ

↺ↂ↗ⅺ↸≏∑∞⇽⇻⇉∑⇥ϋ↝ᩓᒵ᣽⇁ᛦૢↈ↺ↂ

∑⇉⇻≏↟ⅻӧᏡ↖ⅱ↺≑̊ⅷࣂС↝ࠀˮႻࠝܭ↖↗

⇥ϋⅺ↸๨↻↺ᩓᒵ᣽⇁ف↳ↈ↗≏׋ 2.16 ↚ᅆↈ↷ⅵ

↚⇧∉∞⇞∃∙⇽ⅻЈщↈ↺ᕓೝᑥ↝ܱјᩓ්ⅻفь

ↈ↺≑ↂ↝ܱјᩓ්͌↞ᕓ൦ᑥ↝⇷∑⇟ࠢ↚Ⴛ࢘↚≏

ኽௐ↗ↆ↕ࠝܭˮႻف↝ࠀь↚ጟⅻ↺≑  
 

 
׋ 5‒ ᙀΝᩓ්فь↚↷↺  

҄٭↝ࠀˮႻࠝܭ  

 
ↂↂ↖≏׋ 4 ↚ᅆↈ↷ⅵ↚ࠝܭˮႻࠀ⇁ ≏⇷∑⇟

ᩓ්↝ᩓ්͌⇁ ↗ↈ↺↗≏ܱјᩓ් ↞  
 
 

 
(2) 

‵⁂

Јщ   

 

ˮႻࠝܭ

‒ࠀ

        

  
CP Ј

щ  
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↗ᘙ↊↺≑↭↎≏ࠝܭˮႻࠀ ↗↌↻↚ࣖݣↈ↺Ј

щ̮ӭ↝ˮႻ҄٭ ↗↝᧓↚↞  
 
 

 
(3) 

 
↝᧙̞ⅻ঺↹ᇌ↓≑ٳ⇥∑⇉⇻⇽∞∑≏↕→ࢼ↧්

↻↺ᩓᒵ↝҄٭↚ൔ̊ↆ↕≏Јщ (RF)̮ӭ↝ˮႻ⇁٭

҄ↄ↊↺ↂ↗ⅻӧᏡ↖ⅱ↺≑   

 

׋ 6‒ ⇧∉∞⇞∃∙⇽Јщ↝⇷∑⇟ᩓ්↗ܱ

јᩓ්↝᧙̞  

 

3. ఩┦ྍኚ PLL 
‒ 2 Ө↝ 2.45 GHz ˮႻӧ٭ PLL ⇁ဇⅳ≏RF ˮႻС

≑ᘍ→↎⇁᬴ܱ↝ࣂ  
 

 

 

׋ 7‒ RF ˮႻСࣂ↝᬴ܱኒ  
 
‒ ᬴ܱ↖↞≏Ӌༀ̮ӭ↗ↆ↕˓ॖඬ࢟ႆဃ֥ⅺ↸ 50 

MHz ↝ദࢅඬ⇁ႆဃↄ↊≏ↂ↻⇁ 49 ᡥ̿↚ᚨܭↆ↎

PLL ↚λщↆ↎ ׋) 7)≑2.45 GHz ↚ᡥ̿ↆ↎ RF ̮ӭ↝

ˮႻࠀ ⇁ IQ ౨ඬ֥↚↷↹ยܭ↖ⅼ↺↷ⅵ↚ↆ↎≑↙

ⅹ≏ IQ ౨ඬ↝ѣ˺↚җЎ↙̮ӭࢽ⇁ࡇࢍ↺↗↗↱↚≏

PLL ӷٟ↝⇑⇩⇽∐∙⇖⇁৮Сↈ↺↎↰↚≏PLL ↝Ј

щ↚⇈∙⇽⇁਴λↆ↎≑  
2 Ө↝ PLL ↝ⅵ←༾૾↝ЈщˮႻ↞ܭ׍ↆ≏↱ⅵɟ

૾↝ PLL ϋ↝∑∞⇽⇻⇉∑⇥ᢿ↚੗ዓↄ↻↎ᩓןเ↝

ↄ↊≏RF҄٭⇁͌ ˮႻࠀ ≑ᚇยↆ↎⇁҄٭↝  
׋ 8 ↚⇐⇝∓⇟⇙∞⇽↖↝ᚇยኽௐ⇁ᅆↈ≑׋↝ɦ

↚ЈщˮႻ⇁҄٭ↄ↊↎ PLL ∑∞⇽⇻⇉∑⇥ᢿ↚੗ዓ

ↄ↻↎ᩓןเ↝͌⇁ᚡↆ↕ⅳ↺≑  
 

2.45 V 2.47 V 
  

2.49 V 2.51 V 
  

2.53 V 2.55 V 
  
׋ 8‒ RF ˮႻࠀยܭኽௐ  

 
↺↊ↄ҄٭⇁͌↝เןⅺ↸ᛠ↮ӕ↻↺↷ⅵ↚≏ᩓ׋

↗≏RF ˮႻࠀ ⅻ҄٭ↈ↺ↂ↗ⅻᄩᛐ↖ⅼ↎≑↎↏ↆ≏

ˮႻ⇴⇊⇠ⅻ᩼ࠝ↚ٻⅼⅾ↙↺ሖ৑ⅻⅱ↹≏ܭܤↆ↎

ˮႻСࣂⅻᄩᛐ↖ⅼ↎↝↞ ᆉࡇ↖ⅱ→↎≑ↂ↻↞

PLL ↝Јщӷٟⅻ≏⇈∙⇽∝IQ ౨ඬ֥⇁ᡫↆ↕↾↉ⅺ

↚ኽӳↆ↕ⅳ↺ↂ↗ⅻҾ׆↏↗࣬↾↻↺≑↙ⅹ≏∑∞

⇽⇻⇉∑⇥ᢿ↝⇐∀⇈∙⇽↝≐ᇢ܇↝ᩓן↞ 2.5 V ↚

↙↺↷ⅵ↚ᚨᚘↆ↕ⅳ↺ⅻ≏ᩓ͌ן ↝↗ⅼ↚

↗↙↸↙ⅳ↝↞≏PLL≕Ө↝๨↻ᩓᒵ↚̾˳ࠀⅻ

ↆ↕ⅹܭยࡇɟ↞ࠀ˳ↈ↺↎↰↖ⅱ↺≑↎↏ↆ̾נ܍

ↀ↟ࢸ↖ᙀദⅻ↖ⅼ↺↎↰≏ˮႻСࣂ↚ⅹⅳ↕↞ٻⅼ
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↙բ᫆↚↙↸↙ⅳ≑  
≏↸↎⇭∞⇥ⅺ↻↸ࢽ ↗ ↝᧙̞⇁⇽∓⇩⇮ↆ↎⇖

ࡸ⇁⇻∏ (3)↚↷↺ྸᛯ͌↗↗↱↚׋ 9 ↚ᅆↈ≑↎↏ↆ≏

↝↗ⅼ ↗↙↺↷ⅵ≏ ⅺ↸⇐⇻⇡⇩⇮⇁

≑↺ⅳ↕ⅳࡽↆࠀ  

 

׋ 9‒ ᩓ͌ן ఩┦ᕪ࡜ 㛵ಀࡢ  

 
‒ ׋ 9 ↷↹≏ˮႻࠀ ↞ᩓןเ↝͌ V ↝͌↚ಒ↜ൔ

̊ↆ↕҄٭ↆ↕ⅳ↺ↂ↗ⅻᄩᛐ↖ⅼ↎≑↭↎≏ˮႻС

ѣ↞ኖ٭∞⧵⇷↺↷↚ࣂ 0.5 dBm ↖ⅱ→↎≑  
 

ࡵ࡜ࡲ .4  
ˮႻСࣂ↝Ҿྸ↗ↆ↕≏PLL ↝∑∞⇽⇻⇉∑⇥ᢿ↚

ⅹↀ↺๨↻ᩓ්⇁ᛦૢↈ↺ↂ↗↖ЈщˮႻ↝Сࣂⅻӧ

Ꮱ↖ⅱ↺ↂ↗⇁੩కↆ≏2.45 GHz ˮႻӧ٭ PLL ⇁ဇⅳ

↎ˮႻС᬴ܱࣂ⇁ᘍ→↎≑ྸᛯ͌⇁᬴ܱ͌ⅻಒ↜ӷಮ

↝ͼӼ⇁ᅆↆ↕ⅳ↺ↂ↗ⅺ↸≏੩కↈ↺Ҿྸⅻ࢘ڲ↖

ⅱ↺ↂ↗⇁ᄩⅺ↰↎≑↭↎≏100  ᆉࡇ↝ር׊↚ⅹⅳ↕

᭗ⅳዴࣱ࢟ⅹ↷↢ЎᚐᏡ⇁́↊ਤ↓ᑣڤ↙᬴ܱኽௐ⇁

↞ѣ٭∞⧵⇷↺↷↚ࣂ↎≑↌↝↗ⅼ↝≏ˮႻС↻↸ࢽ

ኖ 0.5 dBm ↖ⅱ→↎≑↭↎≏ʚ↓↝ PLL ↝ˮႻ᧙̞ⅻ

ཎܭ↝ཞ७↝↗ⅼ↚∓⇩⇕ⅻٳ↻↳ↈⅾ↙↹≏ˮႻ⇴

⇊⇠ⅻ᩼ࠝ↚فⅷ↺ↂ↗↱ᄩᛐↄ↻↎≑ↂ↻↞ PLL ↝

Јщӷٟⅻኽӳↆ↕≑∓⇩⇕↚फࢨ᪪⇁ɨⅷ↕ⅳ↺↗

ᎋⅷ↸↻↺≑  
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