
࿘Ἴᩘ≉ᛶศᯒჾ(FRA)䜢౑䛳䛯
䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯
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ᰴᘧ఍♫䜶䝚䜶䝣ᅇ㊰タィ䝤䝻䝑䜽
䛻䛴䛔䛶
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䜶䝚䜶䝣ᅇ㊰タィ䝤䝻䝑䜽䛻䛴䛔䛶
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࿘Ἴᩘ≉ᛶศᯒჾ䠄Freqeuncy Response Analyzer)

࿘Ἴᩘ≉ᛶศᯒჾ䛸䛿

ṇᘻἼ䛾ಙྕ䜢⿕ ᐃ≀䛻୚䛘䛶䚸䛭䛾࿘Ἴᩘ
ᛂ⟅䜢ồ䜑䜛ィ ჾ䚹
ಙྕ※䛿FRA䛻䝇䜲䞊䝥Ⓨ᣺ჾ䜢ෆⶶ䛧䛶䛚䜚䚸
䛭䛾Ⓨ᣺ჾ䜢ᇶ‽䛸䛧䛶䝕䜱䝆䝍䝹䝣䞊䝸䜶₇⟬䛻
䜘䜚⿕ ᐃ≀䛾฼ᚓ䛸఩┦≉ᛶ䜢 ᐃ䛧䜎䛩䚹
฼ᚓ ᐃ䜔఩┦ ᐃ䛷䛰䛡䛷䛺䛟䚸䜲䞁䝢䞊䝎䞁䝇
≉ᛶ䜒 ᐃྍ⬟䛷䛩䚹
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࿘Ἴᩘ≉ᛶศᯒჾ䛾䛧䛟䜏
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┠ ḟ

1.  ᐃ䛾ᚲせᛶ

2. FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯᪉ἲ

3. ࿘Ἴᩘ≉ᛶศᯒჾ䠄FRA)䛻䛴䛔䛶

4. 䜘䛟䛒䜛䛤㉁ၥ䚸 ᐃ䛾䝁䝒䛺䛹

5. 䛥䜙䛻㧗ᗘ䛺 ᐃ

6. FRA䛾≉㛗ⓗ䛺ᶵ⬟

䛆ཧ⪃䛇 〇ရ⤂௓
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┠ ḟ

1.  ᐃ䛾ᚲせᛶ

2. FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯᪉ἲ

3. ࿘Ἴᩘ≉ᛶศᯒჾ䠄FRA)䛻䛴䛔䛶

4. 䜘䛟䛒䜛䛤㉁ၥ䚸 ᐃ䛾䝁䝒䛺䛹

5. 䛥䜙䛻㧗ᗘ䛺 ᐃ

6. FRA䛾≉㛗ⓗ䛺ᶵ⬟

7. 䛆ཧ⪃䛇 〇ရ⤂௓
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1䠖 ᐃ䛾ᚲせᛶ

タィ್䚸䝅䝭䝳䝺䞊䝅䝵䞁⤖ᯝ䛸䚸ᐇ㝿䛾䝇䜲䝑䝏䞁䜾
㟁※䛾≉ᛶ䛿␗䛺䜛ሙྜ䛜ከ䛔

ᐇᶵᐇᶵᐇᶵᐇᶵ䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ䚸䚸䚸䚸≉ᛶ≉ᛶ≉ᛶ≉ᛶ䜢䜢䜢䜢 ᐃ ᐃ ᐃ ᐃ䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䚸䚸䚸䚸
⤖ᯝⓗ⤖ᯝⓗ⤖ᯝⓗ⤖ᯝⓗ䛻䛻䛻䛻㛤Ⓨຠ⋡㛤Ⓨຠ⋡㛤Ⓨຠ⋡㛤Ⓨຠ⋡䛾䛾䛾䛾ྥୖྥୖྥୖྥୖ䚸䚸䚸䚸⣡ᮇ▷⦰⣡ᮇ▷⦰⣡ᮇ▷⦰⣡ᮇ▷⦰䛻䛴䛺䛜䜛䛻䛴䛺䛜䜛䛻䛴䛺䛜䜛䛻䛴䛺䛜䜛䚹䚹䚹䚹

䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉⌧≧⌧≧⌧≧⌧≧䜢䜢䜢䜢ᢕᥱᢕᥱᢕᥱᢕᥱ䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䚸䚸䚸䚸ၥ㢟Ⅼၥ㢟Ⅼၥ㢟Ⅼၥ㢟Ⅼ䛜䛒䜛䛜䛒䜛䛜䛒䜛䛜䛒䜛ሙྜᢳฟሙྜᢳฟሙྜᢳฟሙྜᢳฟ䛧䜔䛩䛔䛧䜔䛩䛔䛧䜔䛩䛔䛧䜔䛩䛔䚸䚸䚸䚸඲య඲య඲య඲య䛾䛾䛾䛾≉ᛶ≉ᛶ≉ᛶ≉ᛶ䜢䜢䜢䜢
 ᐃ ᐃ ᐃ ᐃ䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䛩䜛䛣䛸䛻䜘䜚䚸䚸䚸䚸ᨵၿⅬᨵၿⅬᨵၿⅬᨵၿⅬ䛜䛜䛜䛜ぢぢぢぢ䛴䛡䜔䛩䛔䛴䛡䜔䛩䛔䛴䛡䜔䛩䛔䛴䛡䜔䛩䛔䚸䚸䚸䚸䛺䛹䛺䛹䛺䛹䛺䛹䚹䚹䚹䚹

䞉ᇶᯈ໬䛧䛯䛸䛝䛾䝟䝍䞊䞁䛾ᐤ⏕ᐜ㔞䛺䛹䜢⪃៖䛧䛝䜜䛶䛔䜛䛛䠛

䞉䝅䝭䝳䝺䞊䝅䝵䞁䛻䛿ྵ䜎䜜䛺䛔 ᐃ⎔ቃ䛾㐪䛔䜢⪃៖䛧䛶䛔䜛䛛䠛
䠄䝅䝭䝳䝺䞊䝅䝵䞁䛿⌮᝿≧ែ䛷䛾ືస䠅

䞉IC䛾䝕䞊䝍䝅䞊䝖䛻グ㍕䛥䜜䛶䛔䜛ᅇ㊰౛䛷䛒䜜䜀ၥ㢟䛺䛔䛛䠛
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〇ရ㛤Ⓨ䝥䝻䝉䝇
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䞉䞉䞉䞉ホ౯ホ౯ホ౯ホ౯䛻䛿䛻䛿䛻䛿䛻䛿ᐇ ᐇ ᐇ ᐇ 䛩䜛䛣䛸䛜䛩䜛䛣䛸䛜䛩䜛䛣䛸䛜䛩䜛䛣䛸䛜ᚲせᚲせᚲせᚲせ
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┠ ḟ

1.  ᐃ䛾ᚲせᛶ

2. FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯᪉ἲ

3. ࿘Ἴᩘ≉ᛶศᯒჾ䠄FRA)䛻䛴䛔䛶

4. 䜘䛟䛒䜛䛤㉁ၥ䚸 ᐃ䛾䝁䝒䛺䛹

5. 䛥䜙䛻㧗ᗘ䛺 ᐃ

6. FRA䛾≉㛗ⓗ䛺ᶵ⬟

7. 䛆ཧ⪃䛇 〇ရ⤂௓
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2.FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯ἲ

FRA䛷 ᐃྍ⬟䛺≉ᛶ

䞉PSRR≉ᛶ
䞉䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁
䞉䝸䝑䝥䝹㝖ཤẚ 䛺䛹

ᅇ㊰䛾ᛶ⬟䛺䛹

䞉ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ

䞉䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁

䞉㟁ゎ䝁䞁䝕䞁䝃䛾䜲䞁䝢䞊䝎䞁䝇≉ᛶ 䛺䛹

ᅇ㊰䜔ᵓᡂ㒊ရ䛾
䜲䞁䝢䞊䝎䞁䝇≉ᛶ

䞉䝹䞊䝥䝀䜲䞁≉ᛶ

䞉㈇Ⲵኚື᫬䛾ᛂ⟅≉ᛶ 䛺䛹
㈇ᖐ㑏ᅇ㊰䛾Ᏻᐃᗘ
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2.FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯ἲ

FRA䛷 ᐃྍ⬟䛺≉ᛶ

䞉PSRR≉ᛶ
䞉䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁
䞉䝸䝑䝥䝹㝖ཤẚ 䛺䛹

ᅇ㊰䛾ᛶ⬟䛺䛹

䞉ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ

䞉䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁

䞉㟁ゎ䝁䞁䝕䞁䝃䛾䜲䞁䝢䞊䝎䞁䝇≉ᛶ 䛺䛹

ᅇ㊰䜔ᵓᡂ㒊ရ䛾
䜲䞁䝢䞊䝎䞁䝇≉ᛶ

䞉䞉䞉䞉䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁≉ᛶ≉ᛶ≉ᛶ≉ᛶ

䞉䞉䞉䞉㈇Ⲵኚື᫬㈇Ⲵኚື᫬㈇Ⲵኚື᫬㈇Ⲵኚື᫬䛾䛾䛾䛾ᛂ⟅≉ᛶᛂ⟅≉ᛶᛂ⟅≉ᛶᛂ⟅≉ᛶ 䛺䛹䛺䛹䛺䛹䛺䛹
㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰䛾䛾䛾䛾ᏳᐃᗘᏳᐃᗘᏳᐃᗘᏳᐃᗘ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ

఩┦వ⿱఩┦వ⿱఩┦వ⿱఩┦వ⿱䚸䚸䚸䚸฼ᚓవ⿱฼ᚓవ⿱฼ᚓవ⿱฼ᚓవ⿱䚸䚸䚸䚸䜽䝻䝇䜸䞊䝞䜽䝻䝇䜸䞊䝞䜽䝻䝇䜸䞊䝞䜽䝻䝇䜸䞊䝞࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ䜢䜢䜢䜢ồồồồ䜑䜛䜑䜛䜑䜛䜑䜛
ᚲせᚲせᚲせᚲせ䛜䛒䜛䛜䛒䜛䛜䛒䜛䛜䛒䜛䚹䚹䚹䚹䛭䛾䛯䜑䛻䛿䛭䛾䛯䜑䛻䛿䛭䛾䛯䜑䛻䛿䛭䛾䛯䜑䛻䛿䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉䞉

㈇ᖐ㑏㈇ᖐ㑏㈇ᖐ㑏㈇ᖐ㑏䝹䞊䝥䝹䞊䝥䝹䞊䝥䝹䞊䝥䛾䛾䛾䛾ᏳᐃᗘᏳᐃᗘᏳᐃᗘᏳᐃᗘ䜢䜢䜢䜢ホ౯ホ౯ホ౯ホ౯䛧䛯䛔䛧䛯䛔䛧䛯䛔䛧䛯䛔

FRAFRAFRAFRA䛷䛷䛷䛷䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁≉ᛶ≉ᛶ≉ᛶ≉ᛶ䜢䜢䜢䜢 ᐃ ᐃ ᐃ ᐃ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ

฼ᚓవ⿱฼ᚓవ⿱฼ᚓవ⿱฼ᚓవ⿱
44.93dB44.93dB44.93dB44.93dB

䜽䝻䝇䜸䞊䝞䞊࿘Ἴᩘ
500Hz=2msec

䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ౛

఩┦వ⿱఩┦వ⿱఩┦వ⿱఩┦వ⿱
68.66deg68.66deg68.66deg68.66deg

㈇Ⲵኚື᫬㈇Ⲵኚື᫬㈇Ⲵኚື᫬㈇Ⲵኚື᫬
䛾䛾䛾䛾ᛂ⟅ᛶᛂ⟅ᛶᛂ⟅ᛶᛂ⟅ᛶ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖㈇ᖐ㑏ᅇ㊰

㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰㈇ᖐ㑏ᅇ㊰䛻䛴䛔䛶䛻䛴䛔䛶䛻䛴䛔䛶䛻䛴䛔䛶

㈇ᖐ㑏ᅇ㊰䛾฼ᚓ䛿

䝹䞊䝥฼ᚓAβ䛜-1䠄=0dB)䛷఩┦ᕪ䛜
180deg䛻䛺䜛䛸䛝䚸㈇ᖐ㑏䛜ṇᖐ㑏䛸䛺䜚Ⓨ᣺䛩䜛䚹
䛴䜎䜚
䛂㈇ᖐ㑏䛸䛿Aβ䛾䜽䝻䝇䜸䞊䝞࿘Ἴᩘ䛷䛾
఩┦ᕪ䛜180deg䜘䜚ᑠ䛥䛔䛣䛸䛃

⇒Aβ䛾఩┦ᕪ䛜180deg180deg180deg180deg䜘䜚䛹䜜䛟䜙䛔䜘䜚䛹䜜䛟䜙䛔䜘䜚䛹䜜䛟䜙䛔䜘䜚䛹䜜䛟䜙䛔ୗୗୗୗ䛾䛾䛾䛾
್್್್䛛䛛䛛䛛䜢 ᐃ䛩䜜䜀䚸䝹䞊䝥䛜Ⓨ᣺䛩䜛䛛䛾
┠Ᏻ䛻䛺䜛䚹䠄఩┦వ⿱䠅

䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁 ᐃ ᐃ ᐃ ᐃ䛿䛿䛿䛿FRAFRAFRAFRA䛷䛷䛷䛷䝹䞊䝥䝹䞊䝥䝹䞊䝥䝹䞊䝥฼ᚓ฼ᚓ฼ᚓ฼ᚓAAAAββββ䜢䜢䜢䜢 ᐃ ᐃ ᐃ ᐃ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖 ᐃ᪉ἲ

ྂ඾ⓗ䛺 ᐃ᪉ἲ䠖
㈇ᖐ㑏䝹䞊䝥䛾1⟠ᡤ䜢ษ䛳䛶ධฟຊ㟁ᅽ䜢┤᥋ ᐃ䛩䜛

䞉 ᐃ᪉ἲ䛜⡆༢
䞉㏻ᖖA䠄䜰䞁䝥฼ᚓ䠅䛜DC௜㏆䛷㠀ᖖ䛻኱䛝䛔

⇒⇒⇒⇒䝹䞊䝥䝹䞊䝥䝹䞊䝥䝹䞊䝥䛜䛜䛜䛜㣬࿴㣬࿴㣬࿴㣬࿴䛧䜔䛩䛔䛧䜔䛩䛔䛧䜔䛩䛔䛧䜔䛩䛔
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䠄䠄䠄䠄䠍䠍䠍䠍䠅䠅䠅䠅ప࿘Ἴప࿘Ἴప࿘Ἴప࿘Ἴ䛷䛾䛷䛾䛷䛾䛷䛾኱኱኱኱䛝䛺䛝䛺䛝䛺䛝䛺䝀䜲䞁䝀䜲䞁䝀䜲䞁䝀䜲䞁
⇒⇒⇒⇒ ᐃ࿘Ἴᩘ⠊ᅖෆ ᐃ࿘Ἴᩘ⠊ᅖෆ ᐃ࿘Ἴᩘ⠊ᅖෆ ᐃ࿘Ἴᩘ⠊ᅖෆ䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ䝺䝧䝹䝺䝧䝹䝺䝧䝹䝺䝧䝹䛜䛜䛜䛜100dB100dB100dB100dB௨ୖኚ໬௨ୖኚ໬௨ୖኚ໬௨ୖኚ໬
⇒⇒⇒⇒኱኱኱኱䛝䛺䛝䛺䛝䛺䛝䛺䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䛜䛜䛜䛜ᚲせᚲせᚲせᚲせ

䠄䠄䠄䠄䠎䠎䠎䠎䠅䠅䠅䠅䝹䞊䝥䝹䞊䝥䝹䞊䝥䝹䞊䝥䜢䜢䜢䜢ษษษษ䜛䛸䜛䛸䜛䛸䜛䛸⣔⣔⣔⣔䛜䛜䛜䛜㣬࿴㣬࿴㣬࿴㣬࿴䛩䜛䛩䜛䛩䜛䛩䜛
⇒⇒⇒⇒ᐇື≧ែᐇື≧ែᐇື≧ែᐇື≧ែ䛷䛾䛷䛾䛷䛾䛷䛾 ᐃ ᐃ ᐃ ᐃ䛜䛜䛜䛜ᚲせᚲせᚲせᚲせ

䠄䠄䠄䠄䠏䠏䠏䠏䠅䠅䠅䠅ᗈᗈᗈᗈ䛔䛔䛔䛔࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ((((ᩘᩘᩘᩘHzHzHzHz௨ୗ௨ୗ௨ୗ௨ୗ䡚䡚䡚䡚MMMMHz)Hz)Hz)Hz)䛜䛜䛜䛜ᚲせᚲせᚲせᚲせ
⇒⇒⇒⇒䝻䜾䝇䜲䞊䝥䝻䜾䝇䜲䞊䝥䝻䜾䝇䜲䞊䝥䝻䜾䝇䜲䞊䝥䛷䛷䛷䛷ほ ほ ほ ほ 

䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖ィ ჾ䛻䛴䛔䛶

䝹䞊䝥䝀䜲䞁 ᐃ䛾䛯䜑䛾ィ ჾ䛻ᚲせ䛺᮲௳
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䝹䞊䝥䝀䜲䞁 ᐃ䛾ᐇ㝿䛾ཎ⌮

ᐇື≧ែᐇື≧ែᐇື≧ែᐇື≧ែ䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ䛷䛝䜛䛷䛝䜛䛷䛝䜛䛷䛝䜛

䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖ᐇ㝿䛾ཎ⌮
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖䝪䞊䝗⥺ᅗ䚸䝧䜽䝖䝹ᅗ

eeee1111䛸䛸䛸䛸eeee2222䛿䛿䛿䛿㏫┦㏫┦㏫┦㏫┦䛷䛷䛷䛷
|e|e|e|e2222||||䛀䛀䛀䛀|e|e|e|e1111||||

eeee1111䛸䛸䛸䛸eeee2222䛾䛾䛾䛾఩┦ᕪ఩┦ᕪ఩┦ᕪ఩┦ᕪ
䛜䛜䛜䛜90deg90deg90deg90deg

䝀䜲䞁䝀䜲䞁䝀䜲䞁䝀䜲䞁0dB0dB0dB0dB䚸䚸䚸䚸
|e|e|e|e2222|=|=|=|=|e|e|e|e1111||||

䝀䜲䞁䝀䜲䞁䝀䜲䞁䝀䜲䞁䛜䛜䛜䛜
䝬䜲䝘䝇䝬䜲䝘䝇䝬䜲䝘䝇䝬䜲䝘䝇

e1e1e1e1䛸䛸䛸䛸e2e2e2e2䛾䛾䛾䛾఩┦ᕪ఩┦ᕪ఩┦ᕪ఩┦ᕪ䛜䛜䛜䛜0deg0deg0deg0deg䛰䛜䛰䛜䛰䛜䛰䛜
e1=e2=e1=e2=e1=e2=e1=e2=∞∞∞∞
䛴䜎䜚䛴䜎䜚䛴䜎䜚䛴䜎䜚䚸䚸䚸䚸egegegeg䛜䛜䛜䛜㝈㝈㝈㝈䜚䛺䛟䜚䛺䛟䜚䛺䛟䜚䛺䛟ᑠᑠᑠᑠ䛥䛟䛶䜒䛥䛟䛶䜒䛥䛟䛶䜒䛥䛟䛶䜒
e1e1e1e1䚸䚸䚸䚸e2e2e2e2䛜䛜䛜䛜ᏑᅾᏑᅾᏑᅾᏑᅾ䛩䜛䛩䜛䛩䜛䛩䜛

egegegeg

eeee1111

eeee2222
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఩┦వ⿱䛻䜘䜛㈇Ⲵᛂ⟅Ἴᙧ䛾㐪䛔

఩┦వ⿱ ⣙55deg ఩┦వ⿱ ⣙12deg

఩┦వ⿱䛜ᑡ䛺䛔䛯䜑䚸䝸䞁
䜼䞁䜾䛜Ⓨ⏕䛧䛶䛔䜛䚹

䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖఩┦వ⿱

ฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽ

ฟຊ㟁ὶฟຊ㟁ὶฟຊ㟁ὶฟຊ㟁ὶ
ฟຊ㟁ὶฟຊ㟁ὶฟຊ㟁ὶฟຊ㟁ὶ

ฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ

䞉䞉䞉䞉㏻ᖖ㏻ᖖ㏻ᖖ㏻ᖖ䛾䛾䛾䛾ືస≧ែືస≧ែືస≧ែືస≧ែ䛷䛷䛷䛷 ᐃྍ⬟ ᐃྍ⬟ ᐃྍ⬟ ᐃྍ⬟
䞉䞉䞉䞉ຍ⟬ຍ⟬ຍ⟬ຍ⟬䜰䞁䝥䜰䞁䝥䜰䞁䝥䜰䞁䝥䛺䛹䛿䛺䛹䛿䛺䛹䛿䛺䛹䛿୙せ୙せ୙せ୙せ

䝇䜲䝑䝏䞁䜾㟁※䛾䝹䞊䝥䝀䜲䞁 ᐃ

㧗㧗㧗㧗䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇

పపపప䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇

BNCBNCBNCBNC----䝽䝙䝽䝙䝽䝙䝽䝙ཱྀ➼ཱྀ➼ཱྀ➼ཱྀ➼䛾䛾䛾䛾
䜿䞊䝤䝹䜿䞊䝤䝹䜿䞊䝤䝹䜿䞊䝤䝹౑⏝౑⏝౑⏝౑⏝
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖 ᐃ䜰䝎䝥䝍

䞉䠏䛴䛾䜽䝸䝑䝥䛷᥋⥆᏶஢䠄䜿䞊䝤䝹౑⏝䛷䛿䠒䞄ᡤ䠅
䞉᥋⥆䛜⡆༢䛻䛺䜚䚸ㄗ㓄⥺㜵Ṇ

䝹䞊䝥䝀䜲䞁 ᐃ䜰䝎䝥䝍䛾౑⏝

䝹䞊䝥䝀䜲䞁 ᐃ䜰䝎䝥䝍
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖FRA䛾タᐃ

FRAFRAFRAFRA䛾䛾䛾䛾ᇶᮏタᐃᇶᮏタᐃᇶᮏタᐃᇶᮏタᐃ䠄䠄䠄䠄BasicBasicBasicBasic SetupSetupSetupSetup䝪䝍䞁䝪䝍䞁䝪䝍䞁䝪䝍䞁䠅䠅䠅䠅
1111䠊䠊䠊䠊䝇䜲䞊䝥䝇䜲䞊䝥䝇䜲䞊䝥䝇䜲䞊䝥࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ䛾䛾䛾䛾ୖ㝈ୖ㝈ୖ㝈ୖ㝈////ୗ㝈ୗ㝈ୗ㝈ୗ㝈䛾䛾䛾䛾

࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ䜢䜢䜢䜢タᐃタᐃタᐃタᐃ
2222䠊䠊䠊䠊Ⓨ᣺ჾฟຊⓎ᣺ჾฟຊⓎ᣺ჾฟຊⓎ᣺ჾฟຊ䝺䝧䝹䝺䝧䝹䝺䝧䝹䝺䝧䝹䜢䜢䜢䜢タᐃタᐃタᐃタᐃ⇒⇒⇒⇒ฟຊฟຊฟຊฟຊONONONON
3333䠊䠊䠊䠊 ᐃ ᐃ ᐃ ᐃ㛤ጞ㛤ጞ㛤ጞ㛤ጞ(Sweep Up (Sweep Up (Sweep Up (Sweep Up 䜎䛯䛿䜎䛯䛿䜎䛯䛿䜎䛯䛿 Down)Down)Down)Down)

௨ୗ௨ୗ௨ୗ௨ୗ䛾䛾䛾䛾タᐃタᐃタᐃタᐃ䛿䛿䛿䛿ᚲせᚲせᚲせᚲせ䛒䜚䜎䛫䜣䛒䜚䜎䛫䜣䛒䜚䜎䛫䜣䛒䜚䜎䛫䜣
䞉࿘Ἴᩘ䝺䞁䝆タᐃ
䞉❆㛵ᩘタᐃ
䞉ධຊ䝺䞁䝆タᐃ
䞉ධຊ⤖ྜタᐃ (ᖖ䛻DC)
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖䝕䝰⏝἞ල

䝕䝰䝕䝰䝕䝰䝕䝰⏝἞ල⏝἞ල⏝἞ල⏝἞ල䠄䠄䠄䠄LTC3604)LTC3604)LTC3604)LTC3604)

ὀධ᢬ᢠὀධ᢬ᢠὀධ᢬ᢠὀධ᢬ᢠ51515151ΩΩΩΩ
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䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ䠖䝕䝰⏝἞ල

᢬ᢠὀධሙᡤ᢬ᢠὀධሙᡤ᢬ᢠὀධሙᡤ᢬ᢠὀධሙᡤ䠄䠄䠄䠄LTC3604LTC3604LTC3604LTC3604䠅䠅䠅䠅 ᢬ᢠὀධ⟠ᡤ᢬ᢠὀධ⟠ᡤ᢬ᢠὀධ⟠ᡤ᢬ᢠὀධ⟠ᡤ

VOUTVOUTVOUTVOUT

R3R3R3R3C5C5C5C5
9999

ὀධ᢬ᢠὀධ᢬ᢠὀධ᢬ᢠὀධ᢬ᢠ
51515151ΩΩΩΩ
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2.FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯ἲ

FRA䛷 ᐃྍ⬟䛺≉ᛶ

䞉PSRR≉ᛶ
䞉䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁
䞉䝸䝑䝥䝹㝖ཤẚ 䛺䛹

ᅇ㊰䛾ᛶ⬟䛺䛹

䞉䞉䞉䞉ฟຊฟຊฟຊฟຊ䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ

䞉䞉䞉䞉䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁

䞉䞉䞉䞉㟁ゎ㟁ゎ㟁ゎ㟁ゎ䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䛾䛾䛾䛾䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ 䛺䛹䛺䛹䛺䛹䛺䛹

ᅇ㊰ᅇ㊰ᅇ㊰ᅇ㊰䜔䜔䜔䜔ᵓᡂ㒊ရᵓᡂ㒊ရᵓᡂ㒊ရᵓᡂ㒊ရ䛾䛾䛾䛾
䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ

䞉䝹䞊䝥䝀䜲䞁≉ᛶ

䞉㈇Ⲵኚື᫬䛾ᛂ⟅≉ᛶ 䛺䛹
㈇ᖐ㑏ᅇ㊰䛾Ᏻᐃᗘ
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ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ

䞉CPU䜔FPGAᦚ㍕ᇶᯈ䛷㧗㏿䛷䜰䜽䝉䝇䛩䜛䜘䛖䛺ᅇ㊰

䞉䝰䞊䝍䛺䛹䛾࿘Ἴᩘ䛜ኚ໬䛩䜛䜘䛖䛺㈇Ⲵ
䛺䛹≧ែ䛜ኚ໬䛩䜛㈇Ⲵ䜢᥋⥆䛧䛯ሙྜ䛷䜒Ᏻᐃ䛧䛶㟁ᅽ䛜ฟ
ຊ䛷䛝䜛䛛䜢☜ㄆ䛧䛯䛔䚹

䛭䛾䛯䜑䛻䛿䞉䞉䞉

䝇䜲䝑䝏䞁䜾㟁※䛿ฟຊ䜲䞁䝢䞊䝎䞁䝇䛜㠀ᖖ䛻ప䛔䛜䚸ฟຊฟຊฟຊฟຊ䜲䜲䜲䜲
䞁䝢䞊䝎䞁䝇䞁䝢䞊䝎䞁䝇䞁䝢䞊䝎䞁䝇䞁䝢䞊䝎䞁䝇䛜䛜䛜䛜኱኱኱኱䛝䛩䛞䜜䜀䛝䛩䛞䜜䜀䛝䛩䛞䜜䜀䛝䛩䛞䜜䜀㈇Ⲵ᥋⥆᫬㈇Ⲵ᥋⥆᫬㈇Ⲵ᥋⥆᫬㈇Ⲵ᥋⥆᫬䛻䛻䛻䛻㟁ᅽ㟁ᅽ㟁ᅽ㟁ᅽ䛜䛜䛜䛜పୗపୗపୗపୗ䛩䜛

FRA䛷ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ䜢 ᐃ
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ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ

䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁 䠖 DC
ฟຊ䜲䞁䝢䞊䝎䞁䝇 䠖 ௵ព࿘Ἴᩘ

=>䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䛿┤ὶ䛷䛾ฟຊ䜲䞁䝢䞊䝎䞁䝇䛺䛾䛷
┤ὶⓗ䛺㈇Ⲵ䠄᢬ᢠ䠅䛻䛾䜏᭷ຠ

=>㈇Ⲵ䛾࿘Ἴᩘ䛜ኚື䛧䜲䞁䝢䞊䝎䞁䝇䛜ኚ໬䛩䜛ሙྜ䛾㟁※
䛾ᣲື䜢ᢕᥱ䛧䛶䛚䛝䛯䛔䚹

௵ព䛾࿘Ἴᩘ䛷䛾
ฟຊ䜲䞁䝢䞊䝎䞁䝇䜢 ᐃ䛩䜛䛣䛸
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ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ䠖 ᐃ䝤䝻䝑䜽ᅗ

ฟຊ䜲䞁䝢䞊䝎䞁䝇 ᐃ 䝤䝻䝑䜽ᅗ

1111ΩΩΩΩ䛷䛒䜜䜀䛷䛒䜜䜀䛷䛒䜜䜀䛷䛒䜜䜀㟁ὶኚ᥮㟁ὶኚ᥮㟁ὶኚ᥮㟁ὶኚ᥮䛜䛜䛜䛜ᐜ᫆ᐜ᫆ᐜ᫆ᐜ᫆ FRAFRAFRAFRA䛾䛾䛾䛾OSCOSCOSCOSC䛻䛻䛻䛻ὶධὶධὶධὶධ䛩䜛䛩䜛䛩䜛䛩䜛㟁ὶ㟁ὶ㟁ὶ㟁ὶ䜢䜢䜢䜢2222䡚䡚䡚䡚30mA30mA30mA30mA఩఩఩఩
䛻䛻䛻䛻ไ㝈ไ㝈ไ㝈ไ㝈䛷䛝䜛䜘䛖䛺䛷䛝䜛䜘䛖䛺䛷䛝䜛䜘䛖䛺䛷䛝䜛䜘䛖䛺᢬ᢠ್᢬ᢠ್᢬ᢠ್᢬ᢠ್䛸䛩䜛䛸䛩䜛䛸䛩䜛䛸䛩䜛䚹䚹䚹䚹

ಖㆤ᢬ᢠಖㆤ᢬ᢠಖㆤ᢬ᢠಖㆤ᢬ᢠ
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ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ

ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ౛

ฟຊฟຊฟຊฟຊ 䜲 䞁䝢䞊䝎䞁䝇䜲 䞁䝢䞊䝎䞁䝇䜲 䞁䝢䞊䝎䞁䝇䜲 䞁䝢䞊䝎䞁䝇
⣙⣙⣙⣙5m5m5m5mΩΩΩΩ

⣙⣙⣙⣙5kHz5kHz5kHz5kHz
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2.FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯ἲ

FRA䛷 ᐃྍ⬟䛺≉ᛶ

䞉䞉䞉䞉PSRRPSRRPSRRPSRR≉ᛶ≉ᛶ≉ᛶ≉ᛶ
䞉䞉䞉䞉䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁
䞉䞉䞉䞉䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹㝖ཤẚ㝖ཤẚ㝖ཤẚ㝖ཤẚ 䛺䛹䛺䛹䛺䛹䛺䛹

ᅇ㊰ᅇ㊰ᅇ㊰ᅇ㊰䛾䛾䛾䛾ᛶ⬟ᛶ⬟ᛶ⬟ᛶ⬟䛺䛹䛺䛹䛺䛹䛺䛹

䞉䞉䞉䞉ฟຊฟຊฟຊฟຊ䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ

䞉䞉䞉䞉䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁䝻䞊䝗䝺䜼䝳䝺䞊䝅䝵䞁

䞉䞉䞉䞉㟁ゎ㟁ゎ㟁ゎ㟁ゎ䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䛾䛾䛾䛾䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ 䛺䛹䛺䛹䛺䛹䛺䛹

ᅇ㊰ᅇ㊰ᅇ㊰ᅇ㊰䜔䜔䜔䜔ᵓᡂ㒊ရᵓᡂ㒊ရᵓᡂ㒊ရᵓᡂ㒊ရ䛾䛾䛾䛾
䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ

䞉䝹䞊䝥䝀䜲䞁≉ᛶ

䞉㈇Ⲵኚື᫬䛾ᛂ⟅≉ᛶ 䛺䛹
㈇ᖐ㑏ᅇ㊰䛾Ᏻᐃᗘ
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PSRR≉ᛶ ᐃ

࿘㎶ᶵჾ䛾ᙳ㡪䜔䚸䝜䜲䝈䛺䛹䛻ᙳ㡪䛷㟁※ධຊ䛻䝸䝑䝥䝹䛜
஌䛳䛶䛧䜎䛖ሙྜ䜔ධຊ㟁ᅽ䛜ኚື䛧䛶䛧䜎䛖ሙྜ䛷䜒䚸Ᏻᐃ䛧䛶

ฟຊ䛜ᚓ䜙䜜䜛ᣦᶆ䜢ᚓ䛯䛔䚹䛭䛾䛯䜑䛻䛿䞉䞉䞉䞉

䝇䜲䝑䝏䞁䜾㟁※䛿Ᏻᐃ䛧䛶㟁ᅽ䜢ฟຊ䛩䜛ᚲせ䛜䛒䜛

PSRR䠄㟁※㟁ᅽኚື㝖ཤẚ䠅≉ᛶ䜢 ᐃ

PSRR䠙㟁※㟁ᅽኚື㝖ཤẚ䠄Power Supply Rejection Ratio)

㟁※㟁ᅽ䛻䝸䝑䝥䝹䛜䛒䜛ሙྜ䚸䛭䜜䜢ྲྀ䜚㝖䛟⬟ຊ䛾䛣䛸
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PSRR≉ᛶ ᐃ

䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹㝖ཤ㝖ཤ㝖ཤ㝖ཤẚẚẚẚ䠖 50Hz or 60Hz䠄ၟ⏝㟁※࿘Ἴᩘ䠅
䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䠖 DC
PSRRPSRRPSRRPSRR䠖 ௵ព࿘Ἴᩘ

⇒䝷䜲䞁䝺䜼䝳䝺䞊䝅䝵䞁䛿┤ὶⓗ䠄DC)䛻ኚື䛻ᑐ䛩䜛್

⇒㟁※㟁ᅽ䛾ኚື䛻䜘䛳䛶⏕䛨䛯ฟຊ㟁ᅽ䛾㐣Ώᛂ⟅䜒⪃៖
䛧䛯䛔䚹

௵ព௵ព௵ព௵ព䛾䛾䛾䛾࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ䛷䛾䛷䛾䛷䛾䛷䛾
PSRRPSRRPSRRPSRR䠄䠄䠄䠄㟁※㟁ᅽኚື㝖ཤẚ㟁※㟁ᅽኚື㝖ཤẚ㟁※㟁ᅽኚື㝖ཤẚ㟁※㟁ᅽኚື㝖ཤẚ䠅䠅䠅䠅≉ᛶ≉ᛶ≉ᛶ≉ᛶ䜢䜢䜢䜢 ᐃ ᐃ ᐃ ᐃ䛩䜛䛣䛸䛩䜛䛣䛸䛩䜛䛣䛸䛩䜛䛣䛸
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-

+

-
FRA
OSC

FRA
FRA

⿕ ᐃ
䝇䜲䝑䝏䞁䜾㟁※

䝟䝽䞊䜰䞁䝥
BA/HSA/BP

CH1 CH2 ㈇Ⲵ
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PSRR≉ᛶ ᐃ

䝇䜲䝑䝏䞁䜾㟁※䛾PSRR≉ᛶ ᐃ᥋⥆౛

FRAFRAFRAFRA䛾䛾䛾䛾Ⓨ᣺ჾⓎ᣺ჾⓎ᣺ჾⓎ᣺ჾ䛾䛾䛾䛾DCDCDCDC䝞䜲䜰䝇䝞䜲䜰䝇䝞䜲䜰䝇䝞䜲䜰䝇
ᶵ⬟ᶵ⬟ᶵ⬟ᶵ⬟䛸䛸䛸䛸䝟䝽䞊䜰䞁䝥䝟䝽䞊䜰䞁䝥䝟䝽䞊䜰䞁䝥䝟䝽䞊䜰䞁䝥䛷䛷䛷䛷஺ὶ஺ὶ஺ὶ஺ὶ䜢䜢䜢䜢
㔜␚㔜␚㔜␚㔜␚䛧䛯䛧䛯䛧䛯䛧䛯DCDCDCDCධຊ㟁※ධຊ㟁※ධຊ㟁※ධຊ㟁※䜢䜢䜢䜢ᶍᨃᶍᨃᶍᨃᶍᨃ
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PSRR≉ᛶ ᐃ
PSRR≉ᛶ ᐃ౛

⣙68dB䠄1/2500䠅

㟁※ධຊ㟁※ධຊ㟁※ධຊ㟁※ධຊ䛻䛻䛻䛻஌஌஌஌䛳䛯䛳䛯䛳䛯䛳䛯
䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹䝸䝑䝥䝹䛾䛾䛾䛾䝺䝧䝹䝺䝧䝹䝺䝧䝹䝺䝧䝹䜢䜢䜢䜢ฟຊฟຊฟຊฟຊ䛷䛷䛷䛷
1/25001/25001/25001/2500䛻䛷䛝䜛䛻䛷䛝䜛䛻䛷䛝䜛䛻䛷䛝䜛
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FRA䛻䛴䛔䛶䠖࿘Ἴᩘ≉ᛶ䜢 䜛 ᐃჾ

1.Ⓨ᣺ჾ䠇஺ὶ㟁ᅽィ
䞉䝜䜲䝈䞉ṍ䜏䜢ྵ䜑䛶 ᐃ䛧䛶䛧䜎䛖䚹
䞉 ᐃ䛜㠃ಽ䛷᫬㛫䛜䛛䛛䜛䚹
䞉఩┦ᕪ䛜 ᐃ䛷䛝䛺䛔䞉☜ᗘ䛜ᝏ䛔

2.䝛䝑䝖䝽䞊䜽䜰䝘䝷䜲䝄
䞉ప࿘Ἴ䠄䡚100kHz఩䠅䛾 ᐃ䛜ฟ᮶䛺䛔䠄᫬㛫䛜䛛䛛䜛䠅
䞉 ᐃಙྕ䝺䝧䝹䛜ᑠ䛥䛔

3. FFT䜰䝘䝷䜲䝄䠇ಙྕ※
䡡ᗈ⠊ᅖ䛾࿘Ἴᩘ䛷䛾 ᐃ䛿୙ྥ䛝
䡡䝎䜲䝘䝭䝑䜽䝺䞁䝆䛜⊃䛔䠄䡚96dB)
䡡࿘Ἴᩘศゎ䛾ไ㝈䠄䝃䞁䝥䝸䞁䜾㏿ᗘ䞉䝯䝰䝸㛗䛾ไ⣙䠅

4. FRA(࿘Ἴᩘ≉ᛶศᯒჾ)
䞉䝎䜲䝘䝭䝑䜽䝺䞁䝆䛜኱䛝䛔
䞉࿘Ἴᩘศゎ⬟䛾ไ㝈䛜↓䛔
䞉࿘Ἴᩘ䝺䞁䝆䛜↓䛔
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FRA䛻䛴䛔䛶䠖 ᐃ࿘Ἴᩘ⠊ᅖ
䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆

᭱኱᭱኱᭱኱᭱኱140dB140dB140dB140dB
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FRA䛻䛴䛔䛶䠖 ᐃཎ⌮

୍ᗘ୍ᗘ୍ᗘ୍ᗘ䛻䛻䛻䛻ᗈᗈᗈᗈ䛔䛔䛔䛔࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ࿘Ἴᩘ⠊ᅖ䜢 ᐃ
⇒䝺䞁䝆䜢᭱኱䝺䝧䝹䛻ྜ䜟䛫䜛

1ᅇ䛾 ᐃ䛿୍୍୍୍䛴䛾䛴䛾䛴䛾䛴䛾࿘Ἴᩘᡂศ࿘Ἴᩘᡂศ࿘Ἴᩘᡂศ࿘Ἴᩘᡂศ䛾䜏䛾䜏䛾䜏䛾䜏
⇒⇒⇒⇒䝺䞁䝆䝺䞁䝆䝺䞁䝆䝺䞁䝆䜢䜢䜢䜢1111ᅇᅇᅇᅇ䛤䛸䛻䛤䛸䛻䛤䛸䛻䛤䛸䛻䝺䝧䝹䝺䝧䝹䝺䝧䝹䝺䝧䝹䜢䜢䜢䜢᭱㐺᭱㐺᭱㐺᭱㐺䛻䛻䛻䛻ྜྜྜྜ䜟䛫䜛䜟䛫䜛䜟䛫䜛䜟䛫䜛

FRAFRAFRAFRA䛸䛸䛸䛸FFTFFTFFTFFT䛾䛾䛾䛾 ᐃཎ⌮ ᐃཎ⌮ ᐃཎ⌮ ᐃཎ⌮䛾䛾䛾䛾㐪㐪㐪㐪䛔䛔䛔䛔
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䜘䛟䛒䜛䛤㉁ၥ

䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁 ᐃ ᐃ ᐃ ᐃ䛾䛾䛾䛾䜘䛟䛒䜛䛤䜘䛟䛒䜛䛤䜘䛟䛒䜛䛤䜘䛟䛒䜛䛤㉁ၥ㉁ၥ㉁ၥ㉁ၥ

1.ὀධ᢬ᢠ್䛿䠛

50Ω䡚100Ω⛬ᗘ䠄※ᅇ㊰䠄ฟຊ㟁ᅽ್䠅䛻䜘䜚㐺ᐅኚ᭦䛧䛶䛟䛰䛥䛔䠅

᢬ᢠ್䛜኱䛝䛩䛞䜛䛸䚸䝇䜲䝑䝏䞁䜾㟁※ฟຊ㟁ᅽ䛜኱䛝䛟䛺䜚䚸
ᑠ䛥䛩䛞䜛䛸䠈ὀධಙྕ䝺䝧䝹䛜పୗ䛧䛶 ᐃSNẚ䛜ᝏ໬䛧䜎䛩䚹

2.FRA䛾ಙྕ᣺ᖜ䝺䝧䝹䛿䠛

ฟຊ㟁ᅽ䛾1/100䡚1/50⛬ᗘ 䠄౛䠅䠑Vฟຊ䛾ሙྜ䛿50䡚100mVpeak

ືస୰䛾㟁※䛻ಙྕ䜢ὀධ䛧཯ᛂ䜢ぢ䜛䚸䛸䛔䛖 ᐃ䛾ᛶ㉁ୖ䚸
ὀධ䝺䝧䝹䛿ᑠ䛥䛔⛬Ⰻ䛔䛜䚸ᑠ䛥䛩䛞䜜䜀䝜䜲䝈䛻ᇙ䜒䜜䛶䛧䜎䛔 ᐃ
⮬య䛜䛷䛝䛺䛟䛺䜚䜎䛩
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䠄ཧ⪃1䠅FRA䛾ಙྕ᣺ᖜ䝺䝧䝹䛻䜘䜛 ᐃ⤖ᯝ䛾㐪䛔 (ฟຊ㟁ᅽ5V㟁※䠅

1mVpeak   72.78deg1mVpeak   72.78deg1mVpeak   72.78deg1mVpeak   72.78deg 10mVpeak   73.93deg10mVpeak   73.93deg10mVpeak   73.93deg10mVpeak   73.93deg 20mVpeak   73.75deg20mVpeak   73.75deg20mVpeak   73.75deg20mVpeak   73.75deg

50mVpeak   72.49deg50mVpeak   72.49deg50mVpeak   72.49deg50mVpeak   72.49deg 100mVpeak   70.20deg100mVpeak   70.20deg100mVpeak   70.20deg100mVpeak   70.20deg 200mVpeak   200mVpeak   200mVpeak   200mVpeak   -------- degdegdegdeg

⣔⣔⣔⣔䛜䛜䛜䛜㣬࿴㣬࿴㣬࿴㣬࿴䛧䛶䛔䜛䛧䛶䛔䜛䛧䛶䛔䜛䛧䛶䛔䜛
⇒⇒⇒⇒ಙྕಙྕಙྕಙྕ䛜䛜䛜䛜኱኱኱኱䛝䛩䛞䛝䛩䛞䛝䛩䛞䛝䛩䛞

䜘䛟䛒䜛䛤㉁ၥ

SNSNSNSNẚẚẚẚ䛜䛜䛜䛜ᝏᝏᝏᝏ䛔䛔䛔䛔
⇒⇒⇒⇒ಙྕಙྕಙྕಙྕ䛜䛜䛜䛜ᑠᑠᑠᑠ䛥䛥䛥䛥䛩䛞䛩䛞䛩䛞䛩䛞

㐺ṇ್㐺ṇ್㐺ṇ್㐺ṇ್
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(ཧ⪃2䠅FRA䛾ಙྕ᣺ᖜ䝺䝧䝹䛻䜘䜛
ฟຊἼᙧ䛾㐪䛔

᣺ᖜ䝺䝧䝹䠖㐺ṇ್ ᣺ᖜ䝺䝧䝹䠖㐣኱

䝹䞊䝥䛜㣬࿴䛧䛶䛔䜛䛾䛷ฟຊἼᙧ䛜
ṍ䜣䛷䛔䜛

䜘䛟䛒䜛䛤㉁ၥ

OSC
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䜘䛟䛒䜛䛤㉁ၥ

3.䝪䞊䝗⥺ᅗ䛷ุᐃ䛜㞴䛧䛔ሙྜ
䞉㟁※䛻Ⓨ᣺䛺䛹䛾␗ᖖ䛿↓䛔䛜఩┦వ⿱䚸฼ᚓవ⿱䛜

䝬䜲䝘䝇䛻 ᐃ䛥䜜䜛ሙྜ

䞉Gain=0dB䚸఩┦=0deg䛻䛺䜛࿘Ἴᩘ䛜」ᩘ䛒䜛ሙྜ

䝪䞊䝗⥺ᅗ䛷ุᐃ䛜㞴䛧䛔ሙྜ䛿

䝘䜲䜻䝇䝖䝘䜲䜻䝇䝖䝘䜲䜻䝇䝖䝘䜲䜻䝇䝖⥺ᅗ⥺ᅗ⥺ᅗ⥺ᅗ䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛ᏳᐃุูἲᏳᐃุูἲᏳᐃุูἲᏳᐃุูἲ
䛷䛷䛷䛷ホ౯䜢⾜䛳䛶䛟䛰䛥䛔䚹
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•䝇䜲䞊䝥᪉ྥ䛿䠈㏻ᖖDown Sweep䛜౽฼
㓄⥺㛫㐪䛔/␗ᖖືస➼䛜㎿㏿䛻Ⓨぢ䛷䛝䜎䛩䚹

• OSC᣺ᖜ䝺䝧䝹䜢ኚ䛘䛶 ᐃ
⿕ ᐃᅇ㊰䛾㠀⥺ᙧᛶ(ṍ➼)䛾ᙳ㡪䛜ศ䛛䜚䜎䛩䚹

•䝇䜲䞊䝥᪉ྥ䛜Up䠋Down䛷␗䛺䜛≉ᛶ䜢♧䛩
 ᐃ᮲௳䛜୙㐺(ಙྕ䝺䝧䝹㐣኱)䛰䛳䛯䜚䚸 ᐃ

ᑐ㇟䛻ఱ䜙䛛䛾␗ᖖ(Ⓨ᣺ᑍ๓➼)䛜␲䜟䜜䜎䛩䚹

 ᐃ䛾䝁䝒

䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁䝹䞊䝥䝀䜲䞁 ᐃ ᐃ ᐃ ᐃ䛾䛾䛾䛾䝁䝒䝁䝒䝁䝒䝁䝒
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LCRLCRLCRLCR䝯䞊䝍䝯䞊䝍䝯䞊䝍䝯䞊䝍䛸䛸䛸䛸FRAFRAFRAFRA䛾䛾䛾䛾ẚ㍑ẚ㍑ẚ㍑ẚ㍑

䛥䜙䛻㧗ᗘ䛺 ᐃ䠖䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ

LCR䝯䞊䝍䜘䜚䛿

ຎ䜛
Ⰻ䛔 ᐃ⢭ᗘ ᐃ⢭ᗘ ᐃ⢭ᗘ ᐃ⢭ᗘ

⮬⏤
ᅛᐃ

䠄䝔䝇䝖䝣䜱䜽䝇䝏䝱➼䠅
 ᐃᅇ㊰ ᐃᅇ㊰ ᐃᅇ㊰ ᐃᅇ㊰

⮬⏤
䠄䡚250Vrms䚸䝟䝽䞊䜰
䞁䝥䛻䜘䜛ቑᖜྍ⬟䠅

ᑠ䛥䛔
䠄䡚5V⛬ᗘ䠅

 ᐃ㟁ᅽ ᐃ㟁ᅽ ᐃ㟁ᅽ ᐃ㟁ᅽ////㟁ὶ㟁ὶ㟁ὶ㟁ὶ

FRAFRAFRAFRALCRLCRLCRLCR䝯䞊䝍䝯䞊䝍䝯䞊䝍䝯䞊䝍

䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇 ᐃ ᐃ ᐃ ᐃ䛾䛔䜝䛔䜝䛾䛔䜝䛔䜝䛾䛔䜝䛔䜝䛾䛔䜝䛔䜝
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㟁ゎ䝁䞁䝕䞁䝃䛾䜲䞁䝢䞊䝎䞁䝇 ᐃ౛

䛥䜙䛻㧗ᗘ䛺 ᐃ䠖䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ
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䛥䜙䛻㧗ᗘ䛺 ᐃ䠖䜲䞁䝢䞊䝎䞁䝇≉ᛶ ᐃ

ྛ♫䛾㟁ゎ䝁䞁䝕䞁䝃䛾䜲䞁䝢䞊䝎䞁䝇≉ᛶ䛾 ᐃ౛

䞉䞉䞉䞉䠍䠍䠍䠍kkkk䠤䡖䠤䡖䠤䡖䠤䡖䜎䛷䛿䜎䛷䛿䜎䛷䛿䜎䛷䛿ྛྛྛྛ䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃䝁䞁䝕䞁䝃ྠྠྠྠ䛨䜘䛨䜘䛨䜘䛨䜘
䛖䛺䛖䛺䛖䛺䛖䛺≉ᛶ≉ᛶ≉ᛶ≉ᛶ
䞉䞉䞉䞉1k1k1k1k䠤䡖䠤䡖䠤䡖䠤䡖௨㝆௨㝆௨㝆௨㝆䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇್್್್䛾䛾䛾䛾ኚኚኚኚ
ືືືື䛜䛜䛜䛜ᑡᑡᑡᑡ䛺䛔䛺䛔䛺䛔䛺䛔䠙䠙䠙䠙ESRESRESRESR

1MHz1MHz1MHz1MHz௜㏆௜㏆௜㏆௜㏆䜎䛷䜎䛷䜎䛷䜎䛷࿘Ἴᩘ≉࿘Ἴᩘ≉࿘Ἴᩘ≉࿘Ἴᩘ≉
ᛶᛶᛶᛶ䛜䛜䛜䛜ఙఙఙఙ䜃䛶䛔䜛䜃䛶䛔䜛䜃䛶䛔䜛䜃䛶䛔䜛
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 ᐃಙྕ䜢እ㒊䜰䞁䝥䛷ቑᖜ䛧኱㟁ὶ䛷䝁䜲䝹䜢 ᐃ䛩䜛౛

䛥䜙䛻㧗ᗘ䛺 ᐃ䠖኱㟁ὶ䛷䝁䜲䝹䜢 ᐃ

FRAFRAFRAFRA䛾䛾䛾䛾OSCOSCOSCOSCಙྕಙྕಙྕಙྕ䜢䜢䜢䜢䝞䜲䝫䞊䝷䝞䜲䝫䞊䝷䝞䜲䝫䞊䝷䝞䜲䝫䞊䝷㟁※㟁※㟁※㟁※
䛷䛷䛷䛷ቑᖜቑᖜቑᖜቑᖜ䛧䛶䛧䛶䛧䛶䛧䛶䠄䠄䠄䠄᭱኱᭱኱᭱኱᭱኱250Vrms)250Vrms)250Vrms)250Vrms)䛛䜙䛛䜙䛛䜙䛛䜙䝁䜲䝁䜲䝁䜲䝁䜲
䝹䝹䝹䝹䜢䜢䜢䜢㥑ື㥑ື㥑ື㥑ື䛧䛶䛧䛶䛧䛶䛧䛶 ᐃ ᐃ ᐃ ᐃ䛩䜛䛩䜛䛩䜛䛩䜛
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┤ὶ䝞䜲䜰䝇䛺䛧 ┤ὶ䝞䜲䜰䝇䛒䜚

 ᐃಙྕ䜢እ㒊䜰䞁䝥䛷ቑᖜ䛧䚸DC䝞䜲䜰䝇䜢䛛䛡䛶
኱㟁ὶ䛷䝁䜲䝹䛾䜲䞁䝢䞊䝎䞁䝇䜢 ᐃ䛧䛯ሙྜ䛾 ᐃ⤖ᯝ౛

 ᐃ⤖ᯝ䛻㐪䛔䛜⌧䜜䛶䛔䜛䛣䛸䛜䜟䛛䜛䠄≉䛻100Hz௨㝆䠅

䛥䜙䛻㧗ᗘ䛺 ᐃ䠖኱㟁ὶ䛷䝁䜲䝹䜢 ᐃ
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䜽䝸䝑䝥䜽䝸䝑䝥䜽䝸䝑䝥䜽䝸䝑䝥䛷䛷䛷䛷㒊ရ㒊ရ㒊ရ㒊ရ䜢䜢䜢䜢ᣳᣳᣳᣳ䜐䛰䛡䛷䜐䛰䛡䛷䜐䛰䛡䛷䜐䛰䛡䛷⡆༢⡆༢⡆༢⡆༢
䛻䛻䛻䛻 ᐃྍ⬟ ᐃྍ⬟ ᐃྍ⬟ ᐃྍ⬟

㟁ὶ᳨ฟ⏝㟁ὶ᳨ฟ⏝㟁ὶ᳨ฟ⏝㟁ὶ᳨ฟ⏝䛾䛾䛾䛾䝅䝱䞁䝖䝅䝱䞁䝖䝅䝱䞁䝖䝅䝱䞁䝖᢬ᢠ᢬ᢠ᢬ᢠ᢬ᢠ
ෆⶶෆⶶෆⶶෆⶶ

䛥䜙䛻㧗ᗘ䛺 ᐃ䠖䜲䞁䝢䞊䝎䞁䝇 ᐃ䜰䝎䝥䝍
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┠ ḟ

1.  ᐃ䛾ᚲせᛶ

2. FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯᪉ἲ

3. ࿘Ἴᩘ≉ᛶศᯒჾ䠄FRA)䛻䛴䛔䛶

4. 䜘䛟䛒䜛䛤㉁ၥ䚸 ᐃ䛾䝁䝒䛺䛹

5. 䛥䜙䛻㧗ᗘ䛺 ᐃ

6. FRA䛾≉㛗ⓗ䛺ᶵ⬟

7. 䛆ཧ⪃䛇 〇ရ⤂௓
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5.FRA䛾≉㛗ⓗ䛺ᶵ⬟

䠍䠍䠍䠍䠊䠊䠊䠊䜸䞊䝖䝺䞁䝆䜸䞊䝖䝺䞁䝆䜸䞊䝖䝺䞁䝆䜸䞊䝖䝺䞁䝆

䠎䠎䠎䠎䠊䠊䠊䠊ධຊ⤖ྜධຊ⤖ྜධຊ⤖ྜධຊ⤖ྜ

䠏䠏䠏䠏䠊䠊䠊䠊✚ศฎ⌮✚ศฎ⌮✚ศฎ⌮✚ศฎ⌮

䠐䠐䠐䠐䠊䠊䠊䠊 ᐃ㛤ጞ㐜ᘏ ᐃ㛤ጞ㐜ᘏ ᐃ㛤ጞ㐜ᘏ ᐃ㛤ጞ㐜ᘏ

䠑䠑䠑䠑䠊䠊䠊䠊᣺ᖜᅽ⦰ᶵ⬟᣺ᖜᅽ⦰ᶵ⬟᣺ᖜᅽ⦰ᶵ⬟᣺ᖜᅽ⦰ᶵ⬟

䠒䠒䠒䠒䠊䠊䠊䠊SLOWSLOWSLOWSLOW SWEEPSWEEPSWEEPSWEEP䠄䠄䠄䠄࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ䠅䠅䠅䠅

䠓䠓䠓䠓䠊䠊䠊䠊ධฟຊධฟຊධฟຊධฟຊ䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁
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䜸䞊䝖䝺䞁䝆ᶵ⬟
䜸䞊䝖䝺䞁䝆ᶵ⬟

FFTFFTFFTFFT䠖ධຊ䝺䞁䝆ᅛᐃ
( ᐃ࿘Ἴᩘ⠊ᅖ䛾᭱኱䝺䝧䝹䛻䝺䞁䝆䜢ྜ䜟䛫䜛)

FRAFRAFRAFRA䠖䜸䞊䝖䝺䞁䝆䞁䜾
( ᐃ䛤䛸䛻᭱㐺䝺䞁䝆䞁䜾䜢⾜䛖)

䝜䜲䝈䝜䜲䝈䝜䜲䝈䝜䜲䝈䛻䛻䛻䛻ᇙᇙᇙᇙ䜒䜜䛯䜒䜜䛯䜒䜜䛯䜒䜜䛯ಙྕಙྕಙྕಙྕ䛷䜒䛷䜒䛷䜒䛷䜒᭱㐺᭱㐺᭱㐺᭱㐺
䛺䛺䛺䛺䝺䝧䝹䝺䝧䝹䝺䝧䝹䝺䝧䝹䛷䛷䛷䛷ಙྕಙྕಙྕಙྕ䜢䜢䜢䜢ᚓᚓᚓᚓ䜙䜜䜛䜙䜜䜛䜙䜜䜛䜙䜜䜛
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䞉䞉䞉䞉DCDCDCDC㝖ཤ㝖ཤ㝖ཤ㝖ཤ䛜䛜䛜䛜▐᫬▐᫬▐᫬▐᫬䛻䛻䛻䛻⾜⾜⾜⾜䜟䜜䜛䜟䜜䜛䜟䜜䜛䜟䜜䜛
䠄䠄䠄䠄DCDCDCDC䜸䝣䝉䝑䝖䜻䝱䞁䝉䝹䜸䝣䝉䝑䝖䜻䝱䞁䝉䝹䜸䝣䝉䝑䝖䜻䝱䞁䝉䝹䜸䝣䝉䝑䝖䜻䝱䞁䝉䝹⏝⏝⏝⏝䛾䛾䛾䛾D/AD/AD/AD/A䝁䞁䝞䞊䝍䝁䞁䝞䞊䝍䝁䞁䝞䞊䝍䝁䞁䝞䞊䝍䠅䠅䠅䠅

䞉䞉䞉䞉㐣Ώᛂ⟅㐣Ώᛂ⟅㐣Ώᛂ⟅㐣Ώᛂ⟅䛜䛜䛜䛜↓↓↓↓䛟䛟䛟䛟䚸䚸䚸䚸㉸ప࿘Ἴ㉸ప࿘Ἴ㉸ప࿘Ἴ㉸ప࿘Ἴ䛷䜒䛷䜒䛷䜒䛷䜒᣺ᖜ᣺ᖜ᣺ᖜ᣺ᖜ䚸䚸䚸䚸఩┦఩┦఩┦఩┦䛾䛾䛾䛾஘஘஘஘䜜䛜䜜䛜䜜䛜䜜䛜↓↓↓↓䛔䛔䛔䛔
䠄䠄䠄䠄ACACACAC⤖ྜ⤖ྜ⤖ྜ⤖ྜ䛾䛾䛾䛾C,RC,RC,RC,R䛜䛜䛜䛜↓↓↓↓䛔䛛䜙䛔䛛䜙䛔䛛䜙䛔䛛䜙䠅䠅䠅䠅

୍⯡୍⯡୍⯡୍⯡䛾䛾䛾䛾ィ ჾィ ჾィ ჾィ ჾ

ධຊ⤖ྜ

ධຊ⤖ྜ䠖FRA䛿ᖖ䛻DC⤖ྜ

୍⯡䛾ィ ჾ
AC/DC⤖ྜ䜢ษ䜚᭰䛘䛶౑⏝

FRA
ᖖ䛻DC⤖ྜ
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ྠ➼ྠ➼ྠ➼ྠ➼䛺䛺䛺䛺ᶵ⬟ᶵ⬟ᶵ⬟ᶵ⬟䛾䛾䛾䛾࿧࿧࿧࿧䜃䜃䜃䜃᪉᪉᪉᪉
䞉䝛䝑䝖䝽䞊䜽䜰䝘䝷䜲䝄

RBW(ศゎ⬟ᖏᇦ)

䞉FFT䜰䝘䝷䜲䝄
ᖹᆒ໬(䜰䝧䝺䞊䝆)

䞉FRA
✚ศ(Integration)

✚ศᅇᩘ䜢ቑ䜔䛩䛣䛸䛻䜘䜚䚸 ᐃ್
䛾䝜䜲䝈䛾ᙳ㡪䜢ῶ䜙䛩䛣䛸䛜䛷䛝䜛

100 1k 10k 100k
-120

-100

-80

-60

-40

-20

0

Frequency(Hz)

G
a
in

(d
B

)

✚ศฎ⌮

✚ศฎ⌮䠙ᖹᆒ໬䛻┦ᙜ䛩䜛ᶵ⬟

✚ศᅇᩘ䜢ቑ䜔䛧䛯ሙྜ䛾ຠᯝ
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 ᐃ㛤ጞ㐜ᘏ

ᶵᲔ⣔䜔㗦䛔ඹ᣺䜢♧䛩ヨᩱ
䜢 ᐃ䛩䜛ሙྜ䛿㐣Ώᛂ⟅䛜
ぢ䛘䜛

⇒ⴠ䛱╔䛟䜎䛷ᚅ䛳䛶䛛䜙 ᐃ
㛤ጞ䛩䜛䛣䛸䛜䛷䛝䜛ᶵ⬟
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----100 100 100 100 ----50 50 50 50 0 0 0 0 50 50 50 50 100 100 100 100 

|Z
| [

|Z
| [

|Z
| [

|Z
| [

Ω
]

Ω
]

Ω
]

Ω
]

࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ [[[[Hz]  Ref=32.768kHzHz]  Ref=32.768kHzHz]  Ref=32.768kHzHz]  Ref=32.768kHz

᫬ィ⏝Ỉᬗ᣺ືᏊ᫬ィ⏝Ỉᬗ᣺ືᏊ᫬ィ⏝Ỉᬗ᣺ືᏊ᫬ィ⏝Ỉᬗ᣺ືᏊ䛾䛾䛾䛾䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇≉ᛶ≉ᛶ≉ᛶ≉ᛶ

((((DOWN SWEEPDOWN SWEEPDOWN SWEEPDOWN SWEEP䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ))))

DELAY = 0secDELAY = 0secDELAY = 0secDELAY = 0sec

DELAY = 0.3secDELAY = 0.3secDELAY = 0.3secDELAY = 0.3sec

DELAY = 3secDELAY = 3secDELAY = 3secDELAY = 3sec

××××10101010

ඹ᣺ඹ᣺ඹ᣺ඹ᣺䛾䛾䛾䛾ṧṧṧṧ䜚䛜䜚䛜䜚䛜䜚䛜ぢぢぢぢ䛘䛶䛧䛘䛶䛧䛘䛶䛧䛘䛶䛧
䜎䛳䛶䛔䜛䜎䛳䛶䛔䜛䜎䛳䛶䛔䜛䜎䛳䛶䛔䜛

 ᐃ㛤ጞ㐜ᘏ
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᣺ᖜᅽ⦰ᶵ⬟

๓ẁ䛾䜰䞁䝥䛾࿘Ἴᩘ≉
ᛶ䛻䜘䜙䛪୍ᐃ䛾᣺ᖜ䛷
 ᐃ䛧䛯䛔
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≉ᛶ䛜ᛴኚ䛩䜛ሙྜ䚸ᛴኚ㒊ศ䛰䛡䜢⮬ືⓗ䛻㧗ᐦᗘ䛻 ᐃ

----1.21.21.21.2 ----1.01.01.01.0 ----0.80.80.80.8 ----0.60.60.60.6 ----0.40.40.40.4 ----0.20.20.20.2 +0.0+0.0+0.0+0.0 +0.2+0.2+0.2+0.2 +0.4+0.4+0.4+0.4 +0.6+0.6+0.6+0.6 +0.8+0.8+0.8+0.8 +1.0+1.0+1.0+1.0 +1.2+1.2+1.2+1.2

|Z
|

|Z
|

|Z
|

|Z
|

[[ [[ Ω
]

Ω
]

Ω
]

Ω
]

ΔΔΔΔ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ࿘Ἴᩘ [[[[kHz]kHz]kHz]kHz] Ref=1MHzRef=1MHzRef=1MHzRef=1MHz

≉ᛶ≉ᛶ≉ᛶ≉ᛶ䛜䛜䛜䛜ᛴኚᛴኚᛴኚᛴኚ䛩䜛䛩䜛䛩䜛䛩䜛㒊ศ㒊ศ㒊ศ㒊ศ䛿䛿䛿䛿
㧗ᐦᗘ㧗ᐦᗘ㧗ᐦᗘ㧗ᐦᗘ䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ

≉ᛶ≉ᛶ≉ᛶ≉ᛶ䛜䛺䛰䜙䛛䛺䛜䛺䛰䜙䛛䛺䛜䛺䛰䜙䛛䛺䛜䛺䛰䜙䛛䛺㒊ศ㒊ศ㒊ศ㒊ศ
䛿䛿䛿䛿పᐦᗘపᐦᗘపᐦᗘపᐦᗘ䛷䛷䛷䛷 ᐃ ᐃ ᐃ ᐃ

SLOW SWEEP䠄࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ䠅

SLOW SWEEP (࿘Ἴᩘ㍈ప㏿㧗ᐦᗘᤲᘬ䠅
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FRA5087FRA5087FRA5087FRA5087䠋䠋䠋䠋FRA5097FRA5097FRA5097FRA5097䛾䛾䛾䛾௙ᵝ௙ᵝ௙ᵝ௙ᵝ
⤯⦕⪏ᅽ⤯⦕⪏ᅽ⤯⦕⪏ᅽ⤯⦕⪏ᅽ((((ᑐ⟂యᑐ⟂యᑐ⟂యᑐ⟂య䚸䚸䚸䚸ศᯒධຊศᯒධຊศᯒධຊศᯒධຊ䚸䚸䚸䚸OSC)OSC)OSC)OSC) 䠖䠖䠖䠖 250Vrms250Vrms250Vrms250Vrms
᭱኱ ᐃ㟁ᅽ᭱኱ ᐃ㟁ᅽ᭱኱ ᐃ㟁ᅽ᭱኱ ᐃ㟁ᅽ 䠖䠖䠖䠖 250Vrms250Vrms250Vrms250Vrms

ධฟຊ䜰䜲䝋䝺䞊䝅䝵䞁

䞉ᅇ㊰䛻┤ิ䛻ಙྕ※䜢ὀධ䛧䛯䛔ሙྜ䠄䝇䜲䝑䝏䞁䜾㟁※䛾䝃䞊䝪䝹䞊䝥≉ᛶ ᐃ䠅

䞉 ᐃⅬ䛾ᇶ‽㟁఩䛜䜾䝷䜴䞁䝗䛾㟁఩䛸␗䛺䜛ሙྜ䠄䝁䞁䝕䝃䛾䜲䞁䝢䞊䝎䞁䝇 ᐃ䠅

FRA䛿ྛ➃Ꮚ䠄OSC䚸CH1䚸CH2)䛜ศᯒධຊ䚸Ⓨ᣺ჾ䚸䜿䞊䝇
䠄⟂య䠅䛾ྛ䚻䛛䜙䜰䜲䝋䝺䞊䝅䝵䞁䛥䜜䛶䛔䜛
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●●●●኱኱኱኱䛝䛺䛝䛺䛝䛺䛝䛺䝜䜲䝈䝜䜲䝈䝜䜲䝈䝜䜲䝈䠈䠈䠈䠈┤ὶ┤ὶ┤ὶ┤ὶ䛜䛜䛜䛜㔜␚㔜␚㔜␚㔜␚䛥䜜䛶䛔䜛䛥䜜䛶䛔䜛䛥䜜䛶䛔䜛䛥䜜䛶䛔䜛ሙྜሙྜሙྜሙྜ䛾䛾䛾䛾 ᐃ ᐃ ᐃ ᐃ
䝇䜲䝑䝏䞁䜾㟁※䛾䝹䞊䝥䝀䜲䞁≉ᛶ䚸ฟຊ䜲䞁䝢䞊䝎䞁䝇≉ᛶ
㟁ụ䛾ෆ㒊䜲䞁䝢䞊䝎䞁䝇䛺䛹

⇒ྛ➃Ꮚ䛜⟂య䛛䜙䜰䜲䝋䝺䞊䝅䝵䞁䛥䜜䛶䛔䜛

●●●●኱㟁ὶ኱㟁ὶ኱㟁ὶ኱㟁ὶ////኱㟁ᅽ኱㟁ᅽ኱㟁ᅽ኱㟁ᅽ䛷䛾䛷䛾䛷䛾䛷䛾䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇䜲䞁䝢䞊䝎䞁䝇 ᐃ ᐃ ᐃ ᐃ
䝟䝽䜶䝺⏝ཷື⣲Ꮚ䛾 ᐃ➼

⇒᭱኱ ᐃ㟁ᅽ250Vrms䛺䛾䛷䚸䝞䜲䝫䞊䝷㟁※䛸FRA䜢
⤌䜏ྜ䜟䛫䚸ಙྕ䜢ቑᖜ䠄䠙኱㟁ὶ/኱㟁ᅽ䠅䛧䛶 ᐃ䛜ྍ⬟

䜎䛸䜑䠖FRA䛜ᚓព䛺 ᐃ
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䠄ཧ⪃䝕䞊䝍䠅䛭䛾௚䛾㟁※

PFCᅇ㊰㟁※䠄ฟຊ390V) ᐃ౛
఩┦వ⿱⇒85deg
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䠄ཧ⪃䝕䞊䝍䠅䛭䛾௚䛾㟁※

RiRiRiRi
ฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽฟຊ㟁ᅽ䛜䛜䛜䛜250Vrms250Vrms250Vrms250Vrms௨ୖ௨ୖ௨ୖ௨ୖ䛾䛾䛾䛾ሙྜሙྜሙྜሙྜ
䛣䛾䛣䛾䛣䛾䛣䛾ሙᡤሙᡤሙᡤሙᡤ䛻䛻䛻䛻ὀධὀධὀධὀධ䛷䛝䛺䛔䛷䛝䛺䛔䛷䛝䛺䛔䛷䛝䛺䛔

ㄗᕪㄗᕪㄗᕪㄗᕪ䜰䞁䝥䜰䞁䝥䜰䞁䝥䜰䞁䝥䠄䠄䠄䠄ICICICIC䛾䛾䛾䛾FBFBFBFB➃Ꮚ➃Ꮚ➃Ꮚ➃Ꮚ䛺䛹䛺䛹䛺䛹䛺䛹䠅䠅䠅䠅䛾䛾䛾䛾
๓๓๓๓䛷䛷䛷䛷ὀධὀධὀධὀධ䛩䜛䛩䜛䛩䜛䛩䜛

䝇䜲䝑䝏䞁䜾㟁※䛾ฟຊ㟁ᅽ䛜250Vrms௨ୖ䛾ሙྜ䛾 ᐃ౛
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䠄ཧ⪃䝕䞊䝍䠅䛭䛾௚䛾㟁※

䝕䜱䝆䝍䝹ไᚚ㟁※ 䝹䞊䝥䝀䜲䞁≉ᛶ ᐃ౛
఩┦వ⿱⇒85deg
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┠ ḟ

1.  ᐃ䛾ᚲせᛶ

2. FRA䜢౑䛳䛯䝇䜲䝑䝏䞁䜾㟁※䛾ホ౯᪉ἲ

3. ࿘Ἴᩘ≉ᛶศᯒჾ䠄FRA)䛻䛴䛔䛶

4. 䜘䛟䛒䜛䛤㉁ၥ䚸 ᐃ䛾䝁䝒䛺䛹

5. 䛥䜙䛻㧗ᗘ䛺 ᐃ

6. FRA䛾≉㛗ⓗ䛺ᶵ⬟

7. 䛆ཧ⪃䛇 〇ရ⤂௓

Copyright 2014 NF Corp. All rights reserved.

68

〇ရ⤂௓䠖FRA5087/FRA5097䛾ᴫせ

䝪䞊䝗⥺ᅗ䚸䝘䜲䜻䝇䝖⥺ᅗ䚸

䝙䝁䝹䝇⥺ᅗ䚸䝁䞊䝹-䝁䞊䝹䝥䝻䝑䝖
䜾䝷䝣䜾䝷䝣䜾䝷䝣䜾䝷䝣

ឤ⇕䝥䝸䞁䝍ෆⶶ䛭䛾䛭䛾䛭䛾䛭䛾௚௚௚௚

ධຊಙྕ䛻㏣ᚑ䛧䛶ධຊ䝺䞁䝆䛜ษ䜚᥮䜟䜛䜸䞊䝖䝺䞁䝆䞁䜾䜸䞊䝖䝺䞁䝆䞁䜾䜸䞊䝖䝺䞁䝆䞁䜾䜸䞊䝖䝺䞁䝆䞁䜾ᶵ⬟ᶵ⬟ᶵ⬟ᶵ⬟

250Vrms䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁䜰䜲䝋䝺䞊䝅䝵䞁㟁ᅽ㟁ᅽ㟁ᅽ㟁ᅽ

140dB௨ୖ䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆䝎䜲䝘䝭䝑䜽䝺䞁䝆

±0.05dB䚸఩┦⢭ᗘ±0.3°฼ᚓ⢭ᗘ฼ᚓ⢭ᗘ฼ᚓ⢭ᗘ฼ᚓ⢭ᗘ

FRA5087䠖0.1mHz䡚10MHz
FRA5097䠖0.1mHz䡚15MHz

 ᐃ࿘Ἴᩘ⠊ᅖ ᐃ࿘Ἴᩘ⠊ᅖ ᐃ࿘Ἴᩘ⠊ᅖ ᐃ࿘Ἴᩘ⠊ᅖ

୺䛺௙ᵝ
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〇ရ⤂௓䠖FRA5087/FRA5097
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䡮䢙䢇䢛䡬䡼䢚䢙䡹/䡵䢚䡮䢙䢈䡦䡬䡹䢚䡭䢁䢓䡮䡷䢚 ZGA5920ZGA5920ZGA5920ZGA5920

FRA䠄࿘Ἴᩘ≉ᛶศᯒჾ䠅䛾ᇶᮏ䜢䛭䛾䜎䜎
䛻䚸ゎᯒຊ䞉᧯సᛶ䜢ྥୖ䚸 ᐃჾ䛾䝆䝱䞁
䝹䜢㉸䛘䛯᪂䛧䛔䝒䞊䝹䚹
--ྛ✀㟁Ꮚᮦᩱ䞉㟁Ꮚ㒊ရ䞉㟁Ꮚᅇ㊰䛾

≉ᛶ䜢ホ౯䛩䜛⥲ྜゎᯒ⿦⨨

䞉䞉䞉䞉㇏ᐩ䛺 ᐃ䝇䜲䞊䝥䝟䝷䝯䝍䠄࿘Ἴᩘ䚸AC᣺ᖜ䚸
DC䝞䜲䜰䝇䚸᫬㛫䠅䛸㧗ᐦᗘ࿘Ἴᩘ 䝇䜲䞊䝥
䞉 ᐃ᮲௳䛸 ᐃ⤖ᯝ䛾䝕䞊䝍⟶⌮ᶵ⬟
䞉⧞䜚㏉䛧 ᐃ䛾⮬ື໬
䞉እ㒊ᶵჾ䛸䛾㐃ᦠ䠄䝁䞁䝖䝻䞊䝹I/O䠅
䞉䝕䞊䝍䝻䜼䞁䜾⏝䜰䝘䝻䜾ಙྕධຊ⿦ഛ

䞉䝴䞊䝄䝅䝇䝔䝮䛸䛾㐃ᦠ䜢ྍ⬟䛻䛩䜛䝋䝣䝖䜴䜶
䜰㛤Ⓨ⪅ྥ䛡䜻䝑䝖䠄SDK䠅䜢ᥦ౪

䞉䝬䝹䝏䝷䞁䝀䞊䝆ᑐᛂ(᪥ᮏㄒ䚸ⱥㄒ) 
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䜎䛸䜑

䛤Ύ⫈䛒䜚䛜䛸䛖䛤䛦䛔䜎䛧䛯䚹


