
 

 

电子工艺实习指导书 
 

 
苗汇静  王立新  编 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

山东理工大学 

 

 

 

 

 

 

 



 

 2 

电子工艺实训学生守则 

ѿ ̆ ӊѿȂ

⌠ ῏ ̆ Ῑѿ ꜚ ⱬ ⱬ̆ Ῑ Ҥ ȁ

ȁ ᵬ Ȃ 

ⱴ ̆ ӟ̆ ꜚ ̕Ҥ ῃ ᵬ

῏ └ ̕Ҥ ̆ Ὲ῍ ֟̕ⱴ ԑꜛ ̆

Ҥ ᵬ Ȃ ȁ ȁῃ ᴋⱵȂ 

ҹ ҉ ̆ ᵬץҊ ̔ 

1̈ ׆ ̆Ҥ ῃ ᵬ ȂҌ‰ ᵬ̆ ᾛ Ҍ‰

ꜚᴋᵥ ȁת ȁ ΐ ̕ ᵬ ῤ Ȃ 

2̈ Ҥ Ȃ ҬҌ ᵬ ᵝ Ҍ̆ ҍ ῏ Ԋ Ȃ 

3̈ ῤҌ‰ ȁ ̆Ҍ‰ ῏ֲ ⌠ ꜚȂ 

4̈ Ὲ῍ ֟̆ҡ ΐ ᴇ ễȂ 

5̈ Ҥ └אל Ȃ 

̂1̃ ѿ Ҍ‰ ԊẊ̆ ’ ῏ ‰̆Ԋ╠

Ȃ 

̂2̃ Ẋ Ẋ̆ ’֞ ֜ Ȃ ץ↕ Ȃ 

̂3̃₄ ԊẊ 3 ̆ ⌠ ҈ ̆҉ץ ѿ ̂ ̆҉ץ̃ Ҍ

Ȃ 

6̈Ҥ ṿ └ ԑ └ ̆Ḡ Ȃ 
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ѿ  ῃ  

ѿȁ  

ᴪ ῃ Ḡץ̆ ץ ῃȂ 

ԋȁ  

ῃ ̆Ῑ ȁҤ ӟ Ȃ 

҈ȁ ῃ ᵬ  

1.  

̂1̃ ̔ Ҭ Ҭ̆ ֲᵣ ⌠ Ҭ ѿ ᵣ

̆ѿ ֲᵣ ⌠Ҭ ̆ ҹ Ȃ 

̂2̃ ̔ ֲᵣ Ҭ ң ᵣ ̆ ѿ׆ ᵣ

ֲᵣ ῀ ѿ ᵣ̆ ѿҩ ̆ ҹң Ȃ 

̂3̃ ̔ ֲᵣ ̆Ҍᴪ Ԋ ̆

̆ ̆ ҹ Ȃ 

̂4̃ ̔ ḱ ᵬҬ̆ ᴪ ̆ᵖ

֓ № ᴪ ̆ ҹ Ȃ Һ

̆ ֟ ’Ҋ ѿ ̆

≢ Ữ ̆ ̆ ḱ ̆ Ԋᾢ

Ῥ ḱȂ 

̂5̃ ̔ ̆ᶛ ̆ ̆ ױֲ

ѿ ̆ ᶏֲᵣ Ȃ ̆

Ȃ 

2. ֲᵣ  

̂1̃ ̔ ֲᵣ ֜ ⌠ 0.6͘1.5 ̆ Ḃ ⌠ ┬ ̆

ѿ ṿѿ ҹֲ ҳ ṿ̆ Ȃ ֲ ̆

̆ ҹ 1.1 ̆ ҹ 0.7 Ȃ 

̂2̃ ֲ̔ Һ ̆ ҹ Ȃ Ӟ ֲ

̆ ̆ ҹ 16 ̆ ҹ 10.5 Ȃ 

̂3̃ ̔ ῤ ҹ Ȃֲᵣ ҉ץ

֜ ̆ ꜚ Ả ꜚ̆Ӟ Ҭ Ȃ 

    3. ᵝ 

̂1̃Ҭ ׆) ⌠╠ )Ȃ 

̂2̃ῒ ⌠ Ȃ 

̂3̃Ῥ ⌠ Ȃ 

̂4̃ ⌠ ᴴ Ȃ 

    4. ֲᵣ  

   ̂1ֲ̃ᵣ ῃ ҹ 36VȂ 

   ̂2̃ ̆ᴪ Ȃ ֲᵣ Ȃ 

   ̂3̃ѿ 250V̆҉ץᵞ 250VץҊȂ 
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5.  

№ Ԉ̆ ̆ Ҍ ̆ ҍ

̆Ԉ Ⱶֲ Ȃ Ⱶֲ ╠̆Ҍ ̆ Ҍ

∞ ᴴ ֙̆ Ȃ Ạ₮ᴴ ֙ Ȃ 

   ̂1̃  

ѿ ᶏ ̆ ҹ ֲᵣ ᵬ ̆

Ȃ  

ŵ ᵞ  

ᵞ ― ‖ȁ―℗‖ȁ― ‖ȁ― ‖ȁ― ‖ԓ Ȃ 

̔ ῏Ȃ 

℗̔ ῏ ̆ ̆ ΐ℗

Ȃ℗ ῒֲזȂ 

 ̔ ҉ Ҋ ̆ ȁ ̆

̆ᶏ Ȃ 

 ̔ ֲ ҉ ҉ ̆ᶏӊ

Ȃ ̆ ҉̆Ҍ ԍᶏ ֲ

ᵣ ̆ ֲ ѿ ᵟ ̆ ῒ Ȃ 

̔ ԍ ̆ ̆ ҉̆ ᾢ

Ҋ̆ᶏῒҍ ̆ Ῥ ῒזⱲ ℗ Ȃ 

Ŷ  

ԍ ѿ̆ Ҍ Ḡ ֲ ῃ̆ ғ ῏ѿ

̆ҌḂ Ȃ ̆ᶏ ҍ ᵞ

Ҍ Ȃ 

῏ Ả ̕ ῏ Ҍ ̆ ҉ ̆

҉ ̆ᶏ ΐ̆ ̕

̆ᶏ ̆ ᶏ Ḡ ꜚᵬ̆℗ ̆ᵖ Ḡ Ҍ

ῒֲזȂ 

ŷ Ԋ   

₮ ᴴԊ ̕ ╠̆ ֲҌ

̕ ֲҌ ᶏ ῒז ᵬҹ ΐ̕ҹ

ᶏ ҍ ᵣ ̆ ѿ ץ̆ ֲ ̕ Ԋ ̆

‗ҳ ≠ץ̆ Ȃ 

̂2̃  

̆ ̆Ῥ ’ ̆

Ⱶֲ ⌠ Ȃ 

ŵ ᴴ Ҍ Ҥ ̆ ֓ ȁ ȁῃ ⱬ̆

ѿ ̆ᵖ ̆ ᴡ ̆ Ҥ ̆ ╠

Ȃ 

Ŷ ᴴ Ҥ ȁ ̆ᵖ ꜚ̆ ֲ

̕ ̆ᵖ ꜚẢ ̆↕ Ȃ 

ŷ ᴴ Ҥ Ả ȁ ȁ ̆

̂ ȁֲ ȁ ̃̆ Ȃ 
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6. ῃ ᵬ  

   ̂1̃ᶏ ̆ ̆ Ȃ 

   ̂2̃Ҍ ̆ ῏ Ҋ Ȃ 

   ̂3̃ ₮ ’ ̆ ᾢ℗ ̆Ҍ ꜚ̆ Ҍ

‰ ḱȂ 

   ̂4̃Ҍ ῏ȁ ȁ ȁ₴ ̆ Ҍ

‖ Ȃ 

   ̂5̃ ֲ ̆ ℗ ̆ ԋ ̆Ҍ

Ȃ 

   ̂6̃ᶏ ̆ ̆Ҍ №̆ ℗ Ȃᶏ ת ̆

Ҍ №Ȃ 

   ̂7̃ ̆ ῏ ת ̆℗ Ȃ 
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ԋ  ᾝ ᴆ ≢ҍ  

ѿȁ  

1̈ԅ ᾝ ᴆ̂ ̔ ȁ ȁ ȁ ȁԋ ȁ҈ ȁ ȁ

ȁ ȁ ᴆȁ ῏ȁ ȁ ᴆ ̃ ȁ ȁ ȁ Ȃ 

2̈ ᴪ ≢ȁ ȁ ȁ ᾝ ᴆȂ 

ԋȁ  

1̈ ҆ Ȃ 

2̈ ᾝ ᴆȂ 

3̈ ᾝ ᴆ Ȃ 

4̈ ᵣ Ȃ 

҈ȁ ᾝ ᴆ ≢ҍ  

ᾝ ᴆ Ғ ת ѿ̆ └ᵬ ≠̆

҆ ת ᾝ ᴆ ̆Ӟ └ᵬ Ȃ 

1．  

̂1̃ ҉ ≢ ṿȂ 

̂2̃ ҆ ‰ ṿȂ 

2． ᵝ  

    ̂1̃ ҆ ᵝ ṿȂ 

    ̂2̃ ҆ ᵝ ꜚ Ȃ 

3．  

̂1̃ ≢ Ȃ 

̂2̃ ҆ ̂ΐ ҆ ̃ Ȃ 

̂3̃ ̂C≤0.1μF̃ ȁ ȁ Ȃ ̔ ’

Ҋ̆ ҹ ̆ ԍ ̆↕ ̕ ҹ ѿ ṿ̆↕ Ȃ 

̂4̃ ∞  

ŵ ѿ ҹ―+‖ ̆ ѿ ҹ―−‖ Ȃ 

Ŷ ―−‖ ѿ ҹ―−‖ Ȃ 

ŷ ҆ ∞ ̔ ȁ ң ̆ ᵟ Ȃ

ȁ ѿҊ̆ ȁ ̆Ῥ ̆ ѿ ̆

ҍ ҹ―+‖ Ȃ 

    ̂5̃ ̔ ԍ ΐ Ữ ⱬ̆ ̆ ̆

ᾢ ңҩ ѿҊ̂ ̔ Ҝ₴̆ № ̃̆

ץ Ҭ Ữ ̆ ↕̆ ᴪ ת ₮ ₯ᴴֲ ’Ȃ 

4．  

̂1̃ ≢ Ȃ 

̂2̃ ҆ ̂ΐ ҆ ̃ Ȃ 

̂3̃ ̔ ҆ ̆ ҹ ̆

↕ ̕ ҹ ̆↕ Ȃ 

̂4̃ ̔ ̆ ҆ ̆

̕ ↕ ᴪҍ ṿ Ȃ 
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5．  

̂1̃∆ȁ ∞≢̔ ∆ ׆≢№

ңᶷ ₮ ̆ ғ∆ 220V ̆ ↕ ₮ ₮ṿ̆ ̔15Vȁ 

24Vȁ35V Ȃ ԍ ₮ ̆∆ ṿ ԍ ṿȂ 

̂2̃ / ̔ ҆ ңҩ ӊ ṿ̆

ҩ ṿҹ ̆↕ Ȃ 

̆Һ Ҥ ₮ Ȃ 

    ̂3̃ ̔ ҆ ṿȂѿ ’Ҋ̆ ῀

ṿ ̆∆ ҹ ̆ ҹ 1͘200ΩȂ ₮ ∆ ҹ₃ ͘҉

̆ ҹ ₃͘₃ Ȃ 

    6．ԋ  

̂1̃ԋ  ׃

ԋ ̂Diodẽ ᵣ ᴆӊѿȂԋ ȁ ңҩ Ȃ ҹ Ă

ҹ KȂԋ ῤ ѿҩ PN ̆ΐ ̆ ׆

Ȃԋ ̆ԋ 2-1 Ȃ 

VD

DIODE ZENER

LED

DIODE VARACTORPHOTO

二极管 稳压二极管 发光二极管 光电二极管 变容二极管

ZD

LED

 

2-1 ԋ  

̂2̃ԋ ≢ 

ŵ ԋ ̔ Ҭ ―VD‖ ―D‖ ̆ ѿ ҹ―−‖ Ȃ 

Ŷ ԋ ̔ Ҭ ―ZD‖ ̆ ѿ ҹ―−‖ Ȃ 

ŷ ԋ ̔ № ҹ―−‖ Ȃ 

Ÿ ᾣԋ ̔ ≢̆ ҹ―+‖ ̆ ҹ―−‖ Ȃ ץ ῤ

≢̆ѿ ̆ ȁҩ ѿҩҹ―+‖ ̆ ѿҩҹ―−‖ Ȃ

ԍ ᾣԋ ̆ ѿ ҹ―−‖ Ȃ 

̂3̃ԋ  

ŵ ԋ ̔ ҆ ԋ ԋ ̆ ԋ

―+‖ ̆ ԋ ―−‖ ̆ ҉ ԋ ṿȂҌ

ԋ ̆ῒ ṿҌ ̆ѿ ҹ 0.15͘0.30V̆ ҹ 0.4͘0.70VȂ 

Ŷ ҆ ԋ ȁ ṿ̆ ∞ץ ԋ Ȃ 

ŷ ᾣԋ LED ̔ ҆ ԋ ̆ LED ̆

LED ̆LED ᾣȂӞ ץ ҆ HFE ̆LED ȁ №≢

῀ NPN CȁE ̆LED ᾣȂ̂ ̔ ԍ ̆ ֦ Ҍ ̃Ȃ 

7．҈  

̂1̃҈  ׃

ᵣ҈ ̂Transistor̃Ӟ ᵣ ҈ Ȃ ᵣ҈ ᵣ ̂Bipolar 

Junction Transistor̆BJT̃ ̆ ᵣ ᴆӊѿ̆ΐ ῏ᵬ Ȃ҈

̆҈ 2-2 Ȃ 
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                                       PNP ҈        NPN ҈  

2-2 ҈  

 

̂2̃҈ ≢ 

ŵ҈ ↓ᵝ ᶭῒ ȁ ⱳ Ҍ Ȃ 

Ŷ ֟Ҭȁ ⱳ ҈ ̔ѿ ҉ ѿҩ € ̆ҍ €

ҹ― ‖̂ ẽ̆Ҭ ҹ― ‖̂ b̃̆ ѿҩ ҹ― ‖̂ c̃Ȃ 

ŷ ҈ ̔ ∞≢ ҈ ѿ ҉̆҈ҩ ׆̆

⌠ ̆ᶭ ҹ eȁbȁcȂᵖҌ ҈ ∞≢̆ῒ ↓ᵝ

ᶭῒ ȁ Ҍ Ȃ ѿ֓ ҈ ̆ Ӟᴪ ₮ eȁbȁc Ȃ 

Ÿ ⱳ ҈ ̔ῒ ҹ ̂ c̃̆ ңҩ ҹ ̂ b̃

̂ ẽȂ 

̂3̃҈  

ŵ ҆ ∞ ҈ ̔ 

҆ ԋ ̆ ᴋ ҩ ̂Ẋ ҈ ҹ NPN ̃

ᶭ ңҩ ̆ PN ̆ ң ṿ ԍ 1V̆↕

ҹ― ‖̂ b̃ȂῒҬ ṿ ѿ ̆ ҹ― ‖̂ ẽ̆

↕ ѿҩ ҹ― ‖̂ c̃Ȃ    

PNP ҈ ̆↕ ̆ ҉Ȃ 

Ŷ ҆ ≢ ҍ ̔ 

ŵ Ҭ̆ PN ṿ 0.2V ̂ ԍ 0.4Ṽ̆↕ ҹ

Ȃ PN ṿ 0.6V ̆↕ ҹ Ȃ 

ŷ ҆ ῍ hFE βṿ̔ 
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̂2̃ ≢ҍ  

ŵ ѿ̔ ҉ ѿҩ € ҍ̆ € ҹ― ‖

̂ ẽ̆Ҭ ҹ― ѿ ‖̂ b1̃̆ ѿҩ ҹ― ԋ ‖̂ b2̃Ȃ 

Ŷ ҆ ∞≢ ̔ ҆ ԋ ̆ ᴋ

ҩ ̆ ᶭ ңҩ ̆ PN ̆ ң ṿ

1V ̆↕ ҹ― ‖̂ ẽȂῒҬ ṿ ѿ ̆

ҹ― ѿ ‖̂ b1̃̆↕ ѿҩ ҹ― ԋ ‖̂ b2̃Ȃ 

Ӟ ҆ ∞≢ b1 b2 ̆ ҆ ̆ e ̆

ᶭ ңҩ №̆≢ e b1ȁb2 ῒ̆Ҭ ṿ ѿ ̆

ҹ b1̆↕ ѿҩ ҹ b2Ȃ ̆ ᴪ₮ ̆

₮ ‖ ≢ ̆ b1ȁb2 ᶏ ̕ ≢ ̆Ҍ b1ȁb2

Ȃ 

9．  

̂1̃  ׃

ᵣ ̂Thyristor̃ ̆ ѿ ⱳ ῏ ᵣ ᴆȂ ₮

ᶏ ᵣ ᴆ ⌠ Ȃ ΐ ᴆ ̆ ȁ

ᴆҊ ᵬ̆ғῒ ᵬ ץ └̆ ȁ֜ ȁ

῏ȁ ҬȂ 

Ҭ ―SCR‖ⱴ ̆ῒ 2-4 Ȃ 

 

 

 

 

 

 

 

 

 

2-4  

̂2̃ ≢ҍ  

ŵҌ Ὲ ֟ ↓ Ҍѿ ̆

T2ȁGȁT1 ׆ ↓̂ Ҋ̆ ѿ ̃Ȃ ԍ

̆ ῒ Ȃ 

Ŷ ҆ ∞≢ ̔ ҆ ԋ ̆ ᴋ

ҩ ̆ ᶭ ңҩ Ȃ ң Ҭ̆ѿ ṿ ԍ 1V̕

ѿ ₮ ̆↕ KȂ ṿ ԍ 1V ѿ ̆

└ Ğ↕ ѿҩ KȂ 

10． ῏  

̆ ῏ ̆ ̆

ԍ 1ΩȂ ῏ Ȃ 

ȁ ῤ  

1̈ ≢ 6 ṿ ̆ ҆ 6 ṿȂ 

2̈ ≢ 3 Ҍ ᵝ Ȃ 

A 

K 

G 

K K 

A 

G 

K 

P 

N 

N 

P 

P 



 

 8 

3̈ ≢ 6 3 Ȃ 

4̈ ≢ 6 Ҍ Ȃ 

5̈ ≢ 2 Ȃ 

6̈ ≢ 6 ԋ ȁ3 ᾣԋ Ȃ 

7̈ ≢ 6 Ҍ ҈ Ȃ 

8̈ ≢ 3 Ȃ 

9̈ ≢ 3 Ȃ 

10. ≢ 3 Ҍ ῏Ȃ 

11. Ȃ 
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҈   

ѿȁ  

1̈ ӟ ῏ Ȃ 

2̈ ȁԅ Ȃ 

3̈ ȁ ῒ Ԋ Ȃ 

4̈ԅ ȁ ╕ ῒ Ȃ 

ԋȁ  

1̈ ȁ ȁ ȁ Ҝ₴ ↓ ΐȂ 

2̈ ȁ Ȃ 

3̈ ᾝᴆȁ Ȃ 

4̈ ᵣ Ȃ 

҈ȁ  

1̈ ҍ ╕  

̔ѿ ᵬ Ȃ ΐ ꜚ Ȃ 

╕̔ᵬ ̆ ᴆ ̆ ꜚ Ȃ ╕ Ȃ 

2̈  

ȁῤ ҈ Ȃѿ ⱳ Ҍ ̆ 20͘50W Ȃ

ⱳ ̆Ҍ Ṝ̆ ᶏᾝᴆ Ȃ 

3̈
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4̈ ԓ  

ԓ ̆ 3-2 Ȃ 

 

 

 

 

 

  

    

 

  

̂1̃‰  

‰ Ҝ Ȃ ≢ Ḡ ‪̆ ץ ҉ ̂Ḛ

̃Ȃ 

̂2̃ⱴ ᴆ 

̆ ᾢ Ḡ ⱴ ᴆ №̆ɒ └ ҉ ᶏӊ

̆ῒ №̂ №̃ ᴆ̆ ᶷ

№ ᴆ̆ץḠ ᴆ Ȃ 

̂3̃  

ᴆⱴ ⌠ ̆ Ҝ ԍ ̆ Ȃ 

̂4̃  

ѿ ̆ Ҝ Ȃ 

̂5̃  

ῃ ̆ 45
0 Ȃ 

5̈ Ԋ  

̂1̃ ̆ ᴴֲȁ Ȃ 

    ̂2̃ ̆ Ҭ̆Ҍ Ȃ 

    ̂3̃ ᾝᴆ ̆ᶏԋ ῤ ⌠ ̆

ץ Ȃ 

̂4̃℗Ҍ ҉ ꜚȂӞҌ ҉┘ Ȃ 

̂5̃ ԋ ȁ҈ ᾝᴆ ᵟᾝᴆ ̆ᶏ ̆

Ҍ ԍ ᾝᴆȂ 

̂6̃ ̆ѿ ̆ ̆

Ṝ Ȃ 

ȁ ῤ  

1̈ ΐ ᶏ Ȃ 

2̈ ȁ ᶏ Ȃ 

3̈ԓ Ȃ 

4̈ ӟȂ 

5̈ ӟȂ 

6̈ Ȃ 

 

 

 

3-2 ԓ  
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ת   ת ᶏ  

ѿȁ  

1̈ԅ ת ת Ȃ 

2̈ ҆ ȁ ȁ ȁḤ ת ᶏ ᵬȂ 

ԋȁ  

1̈ ҆  

2̈  

3̈Ḥ  

4̈  

5̈ ᾝ ᴆ 

6̈ ᵣ  

҈ȁ ҆ ᶏ ᵬ 

1̈ ҆  ׃

҆ ץ ҆ Ȃ ≠ ̆

ҹ ̆ ȁ№ ȁ ⱳ ȁ ת Ȃҍ

҆ ̆ῤ ԅ Ȃΐ ȁ ȁ№ ⱬ ȁ

ȁⱳ ῃ ᴨ Ȃ ҆ ᵝ ѿ №ҹ̔҈ᵝ ȁ ᵝ ȁԓᵝ

̆ҍӊ ṿҹ̔1999ȁ19999ȁ199999Ȃ 

    ҆ ̔ ȁ֜ ȁ ȁ֜ ȁ ȁ ȁ ȁ

ԋ ȁ҈ ȁ ȁ ȁ Ȃ 

    2̈ ҆ ᶏ Ԋ  

    ̂1̃ᶏ ╠ ᾢ ҆ ҉ ҩⱳ ῏ȁ ȁ ⱳ Ȃ 

    ̂2̃҆ ҉ ף̆ ᾛ ῀ ṿ̆

Ȃ 

    ̂3̃ ̆ ҆ ҍ ̆ ұ Ҭ̆

ΐ ꜚ ⱳ ̆ ̆ Ҍ Ȃ 

    ̂4̃ ῃ̆ ₃ ᴟ ̆ ᵬ̆

Ὲ῍ ̆ Ȃ 

    ̂5̃ ԋ ȁ ̆ ̆ COM

̆ ҍ ҆ ̆ ̆ ԋ ȁ҈ ȁ ᾣ

ԋ ȁ ᾝᴆ ̆ Ȃ 

    ̂6̃ ҆ ᶫ Ȃ ԋ ȁ ᵣ ̆

҆ ṿ ₮₃Ṑ̆ ₃ Ṑ̆ ԋ PN

ץ̆ ‰ Ȃ 

    ̂7̃Ҥ ’Ҋ̆ ҆ ṿȂ 

    ̂8̃ ̆ ᾢ Ῥ ᾧץ̈ ת Ȃ 

    ̂9̃ ̆Ҥ ῀ 1000V ֜ 750V ṿ Ȃ36VץҊҹ

ῃ ̆ ԍ 36V ȁ25V֜ ̆ ̆

̆ ץ̆ ᾧ ₯Ȃ 

    ̂10̃ ᶏ ת ̆ Ҍ ᾧץ̆ Ȃ 

ȁ ᶏ ᵬ 

׃MPS-3000Lҹᶛץ ᶏ ᵬȂ 
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    1̈  ׃

     MPS-3000L ѿ ΐ ₮ ̂0͘30Ṽ ₮ ̂0͘3Ã

̆ ҍ ꜚ ȁ ȁ Ȃ

₮ ₮ ṿ̆ғΐ 5V/3A ₮Ȃ ̆ң ұ

ᶏ Ȃ 

2̈ ᴆ ᵬ ҍᶏ  

ŵ ῏̂15̃ ̂14̃№≢ ԍ ᵝ ̂ ųᵝ ̃Ȃ̂ ̔ ᴆ

̆ MPS-3000L ᶏ ӥȂ̃ 

Ŷᵬҹ ᶏ ᾢ̆ ̂6 ҍ̃̂8̃ ̆ №̆≢ ̂5̃

ҍ̂7̃̆ᶏҺȁ׆ꜚ ₮ ṿȂ ₮҈ ̔ѿ

+5V̆ң 0͘30VȂ 

ŷᵬҹ ᶏ ̆ ᾢ ̂5̃ҍ̂7̃ ̆ ̂6̃ҍ

̂8̃ ̆ ҉ ̆ ̂6̃ҍ̂8̃̆ᶏҺȁ׆ꜚ ₮

ṿȂ 

3̈ Ԋ  

ŵ ̆ ῏ Ȃ 

Ŷ ԍ ⱳ ת ̆ ᶏ ̆ Ȃ

̆℗ Ȃ 

ŷ҈ Ḡ ץ̆ Ḡᶏ ῃȂ 

ԓȁ ᶏ ᵬ 

    1̈  ׃

ѿ Ḥ ת ̆ Ḥ ԍ

ᾣ ҉̆ ץ Ḥ ȁ ȁ ȁ ᵝ Ȃ ̆

ȁ ȁ Ữ ȁ ᾣ Ȃ 

ץ DS5152CA Ữ ҹᶛ׃ ᶏ ᵬȂ 

2̈DS5152CA Ữ  

ΐ ̔ ̆ 150MHz̕ ̕ ꜚ

̕ ȁ Ữ Ῥ ̕ ꜚ 20 ̕ ꜚᾣ ⱳ ̕

└ ⱳ ̕ῤ FFT̕ ̕ ⱳ ̕

ⱳ Ȃ 

3̈DS5152CA Ữ ᶏ ᵬ  

̂1̃ ת Ȃ 

̂2̃ ễ 

ҍᴋѿ ῀ ̆ ễ̆ᶏ ҍ ῀ Ȃ

ễ ᴪ Ȃ ễ̆ Ҋץ ̔ 

ŵ ⁞ ҹ 10х̆ ҉ ῏ ҹ 10хȂ 

Ŷ ҍ 1(CH1) ̆ ‰ ҍ ễ Ȃ 

ŷ 1̂ <CH1>)̆ <AUTO> Ȃ 

Ÿ ̆ ҹ ‰ ̆ ễ Ȃ 

̂3̃Ḥ  

ŵ Ḥ ῀ 1(CH1)̆ ⁞ ̆ѿ ҹ 10хȂ 

Ŷ Ҋ<AUTO> Ȃ ꜚ ȁ └̆ᶏ ⌠ ᶃ

Ȃ 
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4̈ Ԋ  

̂1̃ҹ ᾧᶏ ₯̆ Ḡ ̆ ғ ̆ Ҍ

№Ȃ 

̂2̃╠ ҉ ̆ Ҍ ῒ ⱳ ̆Ҍ ꜚȂ 

̂3̃ ῒ ⱳ ̆ ӥȂ 

ΈȁḤ ᶏ ᵬ 

    1̈Ḥ  ׃

Ḥ ѿ ₮ Ḥ ȁ Ḥ ȁ₱ Ḥ ȁ ‖Ḥ Ḥ

ת ѿ̆ ᵬḤ ȂḤ ꜚ ҹѿ Ḥ

Ȃ ҍ ≢ ԍ̆ ⱴ ꞉Ḥ ֟ ȁ ȁ ṿ ⱳ Ḥ

̆ ֟ ȁ ȁ ‖ ȁ҈ ȁ ̆ Ḥ ȁ

ȁ Ȃ 

ץ NW1641B ₱ / ҹᶛ׃ Ḥ ᶏ ᵬȂ 

2̈NW1641B ₱ /  

̂1̃ ₱ ̆ └ ᵬ̆ ᵬҹḤ

ᶏ Ȃ 

̂2̃ ₮ ̔0.1Hz͘3MHzȂ ץ ᵝ Ȃ 

̂3̃ ₮ ̔ ȁ ȁ҈ Ȃ 

̂4̃ Ḥ ṿ̆ ꜚ ᵝȂ 

̂5̃ ₮Ḥ  

₱ ₮̔10 VP-P±10%̂50Ω ̃̕20 VP-P±10%̂1MΩ ̃Ȃ 

№ ̔0.1VP-P̂ ⁞ 0dB̃̕10mVP-P̂ ⁞ 20dB̃̕1mVP-Ŋ ̕

�Ä
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ԓ  ₮ ᾟ ҍ  

ѿȁ  

1̈ԅ ₮ ᾟ ᵬ Ȃ 

2̈ ₮ ᾟ Ȃ 

3̈ ̆ⱴ Ȃ 

4̈ Ῑꜚ ⱬ Ҥ ᵬ Ȃ 

ԋȁ  

1̈ ₮ ᾟ ᾝ ᴆ̆ ᾝ ᴆ 4-1Ȃ 

2̈ ↓ ΐȂ 

3̈ ȁ Ȃ 

4̈҆ Ȃ 

5̈ ᵣ ȁ ᴆ Ἕ Ȃ 

 

 

5-1  ₮ ᾟ ᾝ ᴆ  

            ף 

1 ChongDianQi ┘   1 

2 R1ȁR3  1kΩ̂1/8W̃ 2 

3 R2  1Ω̂1/8W̃ 1 

4 R4  33Ω̂1/8W̃ 1 

5 R5  270Ω̂1/8W̃ 1 

6 R6  220Ω̂1/8W̃ 1 

7 R7ȁR9  24Ω̂1/8W̃ 2 

8 R8ȁR10  560Ω̂1/8W̃ 2 

9 Rp1 ᵝ  1kΩ 1 

10 C1  470μF/16V 1 

11 C2  22μF/10V 1 

12 C3  100μF/10V 1 

13 VD1͘VD7 ԋ  1N4001 7 

14 

LED1 

LED2 

LED-A 

ᾣԋ  

 

 

Ф3  

3 

15 LED-P ᾣԋ  Ф3  1 

16 VT1 ҈  8050̂NPÑ 1 

17 VT2ȁVT3 ҈  9013̂NPÑ 2 

18 VT4ȁVT5 ҈  8550̂PNP̃ 2 

19 T  3W  9V 1 

20 L1   1 

21 S4ȁS5  3ҩѿ  2 

22 S1ȁS2ȁS3  2ҩѿ  3 
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23 

ACV9V 

Uo 

CH1 

CH2 

GND 

 ҩ 

9 

24 

S1ȁS2ȁS3 

S4 

S5 

  

3 

҈ȁ ₮ ᾟ  ׃

₮ ᾟ 220V 3͘9V ̆ ᵬҹ

̆ 1͘4 ᾟ ̆ ᴨԍ

ѿ ᾟ ̆ΐ ᴇ ̆ ѿ Ȃ 

1．Һ  

̂1̃ ῀ ̔AC̔͘220V̕ 

₮ ̂ ̃̔№҈ ̆ҹ 3Vȁ6V ̆ ±10%Ȃ 

̂2̃ ₮ ̂ ̃̔ ṿ 300mAȂ 

̂3̃ Ḡ ̆ ꜚ Ȃ 

̂4̃ᾟ ̔60mÂ±10%̃ 1͘4 ᾟ ̆ᾟ 10͘12

Ȃ 

2̈ ᵬ  

5-1 ̆ ₮ ᾟ Ȃ 

T

ACV

220V

VD2

1N4001

VD4

1N4001

VD1

1N4001

VD3

1N4001

C1
470u /16V

R1

1k

C2
22u/10V

R2 1

R3
1k

LED-A

R4
33

R5
270

S1 S2

S3

C3
100u /10VVT3

9013

LED-P

R6
220

S4

+

_

R7

24
VT4
8550

R8

560
LED1

VD6

1N4001

R9

24
VT5
8550

R10

560
LED2

VD7

1N4001

VD5

1N4001

ACV

9V

VT1

8050

VT2

9013

S5

Uo

+

_

Rp1

1k

CH1 CH2

 

5-1 ₮ ᾟ  

    5-1Ҭ̆ Tȁԋ VD1͘VD4ȁ C1 ῃ ̆

R1 LED-A ↕̆ ῖ ұ ̂ ȇ Ȉ̃Ȃ

LED-P ῚẠ ᵬ ̆ ᾣԋ Ҍ ̆ῒ

ҹ ̂ 1.9V ̆ᵖӞᴪ ᾣ Ҍ Ҍ ̆ ѿ LED↕ Ҍ

̃̆ ᵬҹᵞ ᶏ ȂR2 LED-A Ḡ L̆ED-A

Ὶᵬ Ȃ ₮ ̂ ₮ ̃ R̆2҉ ̆ ⌠ѿ ṿ L̆ED-A

̆ᶏ VT1ȁVT2 ҌῬ ⱴ̆ ⌠ Ḡ ᵬ Ȃ 
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    S1ȁS2ȁS3ҹ ₮ ῏̆ ₮ №≢ ̔3Vȁ6Vȁ ȂS4ȁ

S5ҹ ₮ ῏̆ S4ȁS5 ―+‖ ̆ ₮ҹ ̕ S4ȁS5

―–‖ ̆ ₮ҹ Ȃ 

VT4ȁVT5 ῒ ᾝ ᴆ ң ῃ Ȃץ VT4 № ᾝ ҹ

ᶛ L̆ED1Ὶᵬ ᾟ ңҩᵬ V̆D6 ᵬ ᾟ Ȃ

R7 ᵌ ҹ̔ 

7

beZ
o

R

UU
I


                            ̂ 5-1  ̃

ῒҬ̆Io— ₮ ̕UZ—LED1҉ ̆ 1.9VȂ 

5-1 ̆ ₮ Һ ‗ԍ UZ ̆ ҍ ῏̆ ₮Ȃ

ᾟ ̆ R7 ṿ̆ ₮ Ȃ ᾟ ᴪ

Ȃ 

ȁ  

1̈ԅ ₮ ᾟ ᵬ Ȃ 

2̈ԅ ҉ ̆ ҍ Ȃ 

3. ≢ ᾝ ᴆ̆ ᾝ ᴆҺ Ȃ 

4. Ȃ 

    5. Ȃ 

ԓȁ ῤ  

1̈ԅ ₮ ᾟ ᵬ Ȃ 

2. ᾝ ᴆ ᾝ ᴆ̆ Ḡ Ȃ 

3. ҆ ᾝ ᴆ̂ 5-1̃̆ Ȃ 

┘ ̆ ȁ ̆ ≢ Ȃ 

4̈ Ȃ 

5. Ȃ Ҋ̔ 

̂1̃ ̔ ̆ ’̆ ῀ȁ

₮ ȁ ̆ ῒ Ȃ 

̂2̃ ₮ ̔S1ȁS2ȁS3ҹ ₮ ῏̆ ₮ №≢ ̔3Vȁ

6Vȁ Ȃ ₮ ṿ̆ Ȃ ᵝ Rp1̆ ₮

Ȃ 

̂3̃ ̔S4ȁS5ҹ ₮ ῏̆ S4ȁS5 ―+‖ ̆ ₮

ҹ ̕ S4ȁS5 ―–‖ ̆ ₮ҹ Ȃ 

̂4̃ᾟ ̔ ҆ 200mA ף ̆ ṿ ҹ 60mÂ ҹ±10%̃̆

֦Ȃ ᾟ ―+‖ ̆ ᾟ ―–‖ Ȃ 

6. Ȃ 

 

 

 

 

Έ  № ᴏ  
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ѿȁ  

1̈ № ᵬ Ȃ 

2̈ № Ȃ 

3̈ Proteus ᴆ̂ Multisim ᴆ̃ ᴏ Ȃ 

4̈ № ȁ Ȃ 

ԋȁ  

1̈ № ᾝ ᴆ̆ 6-1Ȃ 

2̈ Ȃ 

3̈ ↓ ΐȂ 

4̈ ȁ Ȃ 

5̈҆ ȁ ȁḤ ȁ Ȃ 

 

6-1  № ᾝ ᴆ  

            ף    

6-1 IC  OP07 1 

6-1   DIP8 1 

6-1 R1ȁR2  1kΩ 2 

6-1 Rp ᵝ  100kΩ̂ 104̃ 1 

     

6-2 IC  uA741 1 

6-2   DIP8 1 

6-2 R1ȁR2  1kΩ 2 

6-2 Rp ᵝ  100kΩ̂ 104̃ 1 

     

6-3 IC  uA741 1 

6-3   DIP8 1 

6-3 R1ȁR2  10kΩ 2 

6-3 R3  1MΩ 1 

6-3 Rp1 ᵝ  100kΩ̂ 104̃ 1 

    1 

҈ȁ ҍᴏ  

1．  

̂1̃ OP07  

6-1 ̆ OP07 Ȃ ₮ ҍ ῀ ῏ ҹ 

i

1

P
O 1 U

R

R
U 








                        6-1 

ῒ ҹ 

           

1

p

u 1
R

R
A  ̆   )1lg(20)dB(

1

p

u
R

R
A             6-2 
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6-1 OP07  

 

̂2̃ ëA741  

6-2 ̆ ëA741 Ȃ ₮ ҍ ῀ ῏ ҹ 

iU
R

R
U

1

p

O                           6-3 

ῒ ҹ 

              

1

p

u
R

R
A  ̆   )lg(20)dB(

1

p

u
R

R
A                6-4 

 

 

6-2 ëA741  

 

2̈ №  

№ № ῒ̆ ₮ ῀ № ῏ ̆ ԍ ȁ

A/D Ȃ 

6-3 ̆ № Ȃ 
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6-3 №  

 

IC1 ῒ ᾝᴆ № ̆Rp1 ᵝ ̆ Rp1̆ ῀ ̆

₮Ȃ ₮ ҍ ῀ ῏ ҹ 

ttu
CR

tu )d(
1

)( i

11

o                       6-5 

 

3̈ Proteus ᴆ̂ Multisim ᴆ̃ ᴏ  

6-1 6-2Ҭ̆ Rp Ṑ Ȃ 

ȁ  

1̈ԅ № ᵬ Ȃ 

2̈ԅ ҉ ̆ ҍ Ȃ 

3. ≢ ᾝ ᴆ̆ ᾝ ᴆҺ Ȃ 

4. Ȃ 

    5. Ȃ 

ԓȁ ῤ  

1̈ԅ № ᵬ Ȃ 

2. ᾝ ᴆ ᾝ ᴆ̆ Ḡ Ȃ 

3. ҆ ᾝ ᴆ̂ 6-1̃̆ Ȃ 

4̈ Ȃ 

5. Ȃ 

Ҋ̔ 

̂1̃ ̔ ̆ ’̆ ῀ȁ

₮ȁ ȁ ȁ ̆ ῒ Ȃ 

̂2̃ ̂ 6-1 6-2̃ 
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ŵ Ḥ ῀ ⱴѿҩ Ḥ ̆ ҹ 1kHz̆ ṿҹ 200mVȂ

₮ ̆ ῀ȁ ₮Ḥ ̂ ṿ̃̆ ₮ ̂

Ṑ ̃Ȃ ᵝ Rp1 ṿ̆ Ȃ 

Ŷ ῀Ḥ ̆ ŵ ῤ Ȃ Ҍ ῀ ṿȂ 

ŷ ῀Ḥ ̆ ŵ ῤ Ȃ ῀Ḥ Ȃ 

Ÿ ῀ ⱴѿ ̆ ŵ ŶȂ 

̂3̃ № ̂ 6-3̃ 

ŵ ̔ ῀ ui ̆ ҆ ₮ uŎ ᵝ Rp1̆

UO=0̂ UO≈0̃Ȃ 

Ŷ ῀ Ḥ ̔ a. Ḥ ̆ ῀ uiⱴ῀ Ḥ ̆ ҹ 100Hz̆

ҹ±2VȂ uiȁuO ̆ uiȁuO ṿȂb. ῀Ḥ Ҍ

̆ ̆ uiȁuO Ȃ 

ŷ ῀ ̔a. Ḥ ̆ ῀ uiⱴ῀ Ḥ ̆ ҹ 100Hz̆

ṿҹ 1VȂ uiȁuO ᵝ ̆ uiȁuO ṿȂb.

Ḥ ̆ uiȁuO ᵝ Ȃ 

Έȁ  
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҂  ̂SMT̃ 

ѿȁ  

1̈ ӟ ̂SMT̃ ῏ Ȃ 

2̈ԅ SMT ̆ԅ SMTᾝ ᴆ ῒ№ Ȃ 

3̈ ӟ SMT Ȃ 

4̈ԅ SMT Ȃ 

ԋȁ  

1̈SMT ת↓ Ȃ 

2̈ ᾝᴆȂ 

3̈ ↓ ΐȂ 

4̈ Ȃ 

5̈ ᵣ Ȃ 

҈ȁ  ׃

1̈SMT  ׃

ׂ Ӟ̆ Ȃ

ȁ ȁ ȁ ȁ ֟ ̆ ױ ҕ ̆

ֲ Ȃ 

῏ Ȃ20ҕ 70 ף ҕ 8̆0 ף

̂Surface Mounting Technology  SMT̃̆׆ᾝ ᴆ⌠ PCB ׆̆

⌠ ῃץ ₮ ̆ ᶏ ֟ ᵣ ̆ ̆ⱳ ̆

̆ ꜚḤ ֟ҙ ȂSMT ԅᴰף ̂Through Hole 

Technology THT̃̆ ғ ל ̆ ֟҉ץ90% SMTȂ 

SMT ӟ̆ ᵬ ѿ Ȃ 

2. THTҍ SMT 

7-1 THTҍ SMT ̆ 7-1 THTҍ SMT ≢Ȃ 

 

7-1 THTҍ SMT  
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7-1  THTҍ SMT ≢ 

ף Ώ ף  ᾝ ᴆ    

 

20 ҕ

60 ͘ 70

 ף
THT 

ᵣ ̆

ᾝᴆ 

ȁ

PCB 

/

ꜚ  

̆

 

70 ͘ 80

 ף

ȁ ↓

IC̆

ᾝ ᴆ  
PCB 

ꜚ  
̆

̆  

 

20 ҕ

80 ף

 

SMT 

SMC̆ SMD

VSĬVLSI 
SMB 

ꜚ

 

Ῥ̆

 

3. SMTҺ  

̂1̃ S̔MCȁSMD ᵣ ᴰ ᾝ ᴆ 1/3͘1/10 ̆ ץ PCB

ң ̆ ≠ ԅ └ ̆⁞ ԅ Ȃѿ ԅ SMT ᶏ ֟

ᵣ 40%͘60%̆ ⁞ 60%͘80%Ȃ 

̂2̃ ̔SMC SMD ̆ ̆ ⱬ ̆

THT ᵞѿҩ ̆ ֟ Ȃ 

̂3̃ ̔SM ⁞ ԅ ̆ ῒ Ҭ⁞ ԅ№

̆ ԅḤ ᴰ ̆ ԅ ̆ᶏ ҩ֟ Ȃ 

̂4̃ ̔SMT ꜚ ֟Ȃ └ ̂CIMS̃

ᶏ ҩ ֟ ꜚ ̆ ֟ ⌠ Ȃ 

̂5̃ᵞ ̔SMT ᶏ PCB ⁞ ̆ ᵞ̕ ᶏ SMD,SMC

ᵞ̆ Ҭ ȁ ȁ◄ ̕ ̆⁞ ̕

̆ ḱ Ȃѿ ’Ҋ SMT ᶏ֟ Ҋ  Ȃ҉ץ30%

4. SMTᾝ ᴆ 

SMTᾝ ᴆ ԍ Ҍ ̆ҍ THTᾝ ᴆҺ ≢ ԍ Ȃ ѿ

ԍ SMT ⁞ ᵣ ̆ SMTᾝ ᴆץ ⱳ ᾝ ᴆҹҺȂ ҹ № SMTᾝ ᴆ

ҹ ̆ ᾝ ᴆ ᾝ ᴆ ѿ̆ SMD̂ Surface Mounting Devices Ȃ̃ 

̂1̃ ᾝᴆ 

ᾝᴆ ̔ ȁ ᵝ ȁ ȁ ȁ ῏ȁ Ȃᶏ

Ȃ ȁ ȁ ȁ ṿȁᾛ ̆ ╠

ѿ ‰̆ ֟ ӞҌ Ȃ ╠ ҉ ף└Ὲץ

Ȃ 

ŵ Ȃ 7-2 Һ Ȃ 

7-2  Һ  

ף\  1608*0603 2012*0805 3216*1206 3225*1210 5025*2010 6332*2512 

̔ ×  1.6×0.8 2.0×1.25 3.2×1.6 3.2×2.5 5.0×2.5 6.3×3.2 

ⱳ ̂W̃ 1/16 1/10 1/8 1/4 1/2 1 

̂Ṽ  100 200 200 200 200 

̔a. * ף└  

b. ҹ 0.4͘0.6mm 
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c. ᾝᴆҹ 1005̂0402̃̆0603(0201)̆0402(01005)̆ ╠ Ȃ 

d. ṿ ᾝᴆ҉̆ ṿ ԍ 10Ω Rף ̆ᶛ 8R2

8.2Ω̆0Rҹ ̆ Ҍ 2AȂ 

Ŷ  

Һ ̆ῒ ף ҍ ӈ ̆Һ ̔

1005/*0402̆1608/*0603̆2012/*0805̆3216/*1206̆3225/*1210̆4532/*1812̆5664/*2225

Ȃ 

ᾝᴆ ҹ 0.9͘4.0Ȃ 

ᶭ Ҍ №ҹ҈ ̆ῒף №≢ҹ̔ 

NPO̔Ň ̆ ̆ ̆ ԍ Ȃ 

X7R̔ň ̆ ̆ ԍ Ҭᵞ Ȃ 

Y5V̔ŉ ̆ ̆ ̆ ԍ ȁ Ҍ Ȃ 

ṿӞ ̆ᵖҌ ᾝᴆ҉Ȃῒז Ẓ ȁ ṿ

ҍ Ȃ 

̂2̃ ᴆ 

ᴆ ̔ № ᴆ̂ԋ ȁ҈ ȁFET/ ̃

ң Ȃ 

ŵ № ᴆ 

№ԋ ̆Һ ҹ SOP(Small Outline 

Package) TO Ȃ SC-70(2.0×1.25)ȁSO-8(5.0×4.4) Ȃ 

Ŷ  

SOP ↓ QFP(Quad Flat Package) Ȃ 7-2 7-3̆ ԍ

Ȃ 

SMD ѿ ҹ BGA Һ̆ ԍ ȁ

Ȃ 7-4 ѿҩ BGA ᶛȂ 

 

7-2 SOP                      7-3 QFP  

 

7-4 BGA  

5. SMT  ׃

SMT ң ̆Һ ‗ԍ Ȃ 

̂1̃ ̔ 7-5 Ȃ 
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7-7  SMT ̂1̃ 

֟Ȃ ̆ ֟ ꜚ Ӟ Ȃ 

̂2̃ Ῥ ̔ 7-6 Ȃ 

 

7-6 SMT ̂2̃ 

ҹ ̆ ꜚ ̆ ԍҬ ֟̆ ԍ

֟Ȃ 

̆↕ ֟ ҉ ң ֜ ᶏ Ȃ 

6. ┘  

̂1̃ ┘  

┘ ┘ Ҝ Ȃ Ҝ ᶏ ⌠

҉̆ ⌠ Ȃ 

̂2̃ ┘  

ŵ ̔ ᵝᵝ Ȃ ҉Ȃ ̆

ҩ Ҋ ѿҩ֦ ̆ ғ ֦֓ ᾟ ҩ ̆ ‰ Ȃ

֦ ᾟ ̆ ‰ Ȃ 

Ŷ‰ ̔ ҹ ‛ ̆ᶏ ╠ ╠ 6 ̂

—׆̃ Ҭ ₮̆ Ȃ 

ŷ⌂ ̔ ⌂ ῀ Ҭ̆ ҉

Ȃ 

Ÿ ₮ ┘ ̔⌂ ̆ ₮ ┘ ̆ ┘ Ҭ̆ғ Ȃ

ҹ ҉ ̆ ̆ᶏᾝᴆ Ȃ 

7. Ԋ  

̂1̃  

ᾝ ᴆ׆ᾝᴆ Ҭ ₮̆ ⌠ ┘ ᵝ ҉Ȃ 
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̂2̃ Ԋ  

ŵ ᾝ ᴆ ̆ Ṣꜛ ᵬȂ 

Ŷ ̆ ѿ ҉Ȃ 

ŷ ̆ ̆ ̆ ғ ȁ ᵌ̆

ѿ ̆ ̆ Ȃ 

Ÿ ̆ ̆Ԉ ѿ Ȃ ̆

̆ ̆Ҍ ᾧץ̆ꜚ Ȃ 

8.Ῥ  

̂1̃Ῥ  

Ῥ ᾝ ᴆ ̆Һ ̔ ᵣȁⱴ ȁ ȁ‛

ȁ ȁ └ № Ȃ 

̂2̃Ῥ  

ᾝ ᴆ ┘ ῀Ῥ Ҭ̆ < ꜚ> ̆ Ῥ Ȃ

ҩ 4№ ȂῬ ̆ 7-7 Ȃ 

 

7-7 Ῥ  

ȁ ῤ  

1̈ ̂SMT̃ Ἕ Ȃ 

2. ӟ ̂SMT̃ ῏ Ȃ 

3. ӟ SMT Ȃ 

4̈SMT Ȃ 

5. Ȃ 

 

 

 

 

 

 

 

 

 

�Ö�"4ï
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ѿȁ  

Ḥ └ Ḥ ᶏ̆ῒ Ḥ ̆

└ ױ ӊҹ (FM)Ȃ 8-1 ̆ Ҭ̂ã Ḥ ̆̂b̃

Ȃ ץ ⌠̆ ҉ Ҍѿ ̆ Ḥ ῒ ̆ ̕

Ḥ ᵞ ῒ ̆ ᵞ̆ Ḥ Ҍ Ȃ

Ȃ 

 

ҹ 88͘108MHz̆ ᴰ ҹ ᴰ ̆

ᴰ ȁ Ȃ ҹ ̆ ӊ Ӟ Ȃ ̆

ҹ 180kHz̆ ᵣ ҹ 198kHz̆ 20͘

15000Hz̆ Ȃ ᵣ ң ̆ Ӟ ң Ȃ

8-2 ̆ ( )ȁҬ

ȁ ȁᵞ № Ȃ 

 

׆ ῀ ₮ 88͘108MHz Ḥ ̆ Ḥ ῀

Ȃ Ḥ ҍ ֟ Ḥ ῀ Ȃ ₮ l0.7MHz Ҭ

Ḥ ῀Ҭ ̆ ῀ Ȃ ₮ Ḥ ῀ᵞ ̆

₮ Ȃ 

ԋȁ SP7021 FM  

1.  

SP7021Fῤ ȁ ȁ ȁԋ Ҭ ȁ ȁᵞ

ȁ ῏ ̆ ΐ FM ῃ ⱳ Ȃ ᵬ ҹ 1.8͘

6V̆ ṿҹ 3VȂ ԍ ᵣ FM ̆ ῒ ԍᵞ Ȃ

16 ↓ Ȃ 

2.  

̂1̃ ԍҬ ᵞȂ 76KHz̆Ҭ ῤ ң ̆

ԅҬ ̆ ԅ ̆ ԅᵣ Ȃ 

̂2̃ ῀ Ҍ ̆ ̆ Ḥ Ȃ

῀Ḥ ҹ 1.5͘110MHzȂ 

̂3̃ ῤ ȁ Ҭ ȁ ȁ ̂VCÕ ̆ Ҭ

 

8-2   

 

̂ã                              ̂b̃ 

8-1  Ḥ  
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Ẓ ץ̆ Ḥ Ȃ 

̂3̃ ῤ ῏ ̆ ԍ └ Ḥ ̆

῏ ץ Ḥ ̆ Ḥ Ȃ 

̂4̃ ᵬ  

SP7021 8-3 ȂSP7021

SOT16 ̆ 8-1 ⱳ Ȃ 

 

1̃FMḤ ῀ 

׆ Ḥ C1 12 ῀ ῀ IC1 12ȁ13 C̆1l

῀ Ȃ 

2̃  

    5 VC1 ԅ ̆

̕ Ҭ Ҭ ῏ Ḡ ԅ Ḥ ҍ

76kHz̆ ‰ ₮ ̆ Ẓ ₮⁞ Ȃ
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῀ Ȃ 

4̃ⱳ  

SP7021 14 ₮ Ḥ ᵝ ̆ TDA2822

̂BTL̃ ꜚ ȂTDA2822 ⱳ 8-2Ȃ 

8-2    TDA2822 ⱳ  

 ⱳ   ⱳ  

1 1 ₮ 5 2 ῀ 

2 2 ₮ 6 2 ῀ 

3 VCC 7 1 ῀ 

4 GND 8 1 ῀ 

҈ȁRW-2908FM  

1. ╠ ‰ ᵬ 

̂1̃‰ ΐȁת ȁ ȁ  

ҩֲ ΐȁת ȁ ̔ ȁ ȁ ȁ ȁ Ҝ₴ ѿ ̆҆ ѿ

̆ѿ DRW-2908FM ᴆ̆ ȁ Ȃ 

Ὲ ̔Ҝ ┘ ѿ ȁῬ ѿ ȁ ѿ Ȃ 

̂2̃ ȁ ᾝ ᴆ 

1̃ ᾝ ᴆ 8-3 ᾝ ᴆ ȁ ̂ ̃ȁ Ȃ 

8-3  RW-2908FM ᾝ ᴆ  

 

 

  

 

ᵝ 

 

 

 

  

 

ᵝ  

1 RW-2980 1  22 /0805-102P 3 C1ȁ13ȁ18 

2 SP7021 1 IC1 23 /0805-332P 1 C3 

3 TDA2822 1 IC2 24 /0805-103P 4 C10ȁ15ȁ16ȁ20 

4  1 L1 25 /0805-403P 1 C12 

5 20P 1 VC1 26 /0805-104P 3 C5ȁ9ȁ11 

6 ᾣԋ ̂ ̃ 1 LED 27 /0805-104P 3 C14ȁ21ȁC23 

7 EJ-3570 1 J2 28 Φ1.2*120mm 5  

8 ᵝ B10K 1 VR 29  8Ω 0.5W 1  

9 10μF/16V 1 C19 30  1  

10 100μF/16V 1 C17 31 ҜM2.5*4.5 3  

11 220μF/16V 1 C22 32 ҜM1.7*4 1  

12 /0805-10R 1 R3 33 ҜM2*6 1  

13 /0805-22K 1 R2 34 Ҝ BM2*3.5 1  

14 /0805-1K 1 R5 35 ѿ  1  

15 /0805-1.5K 1 R1 36 ҉  1  

16 /0805-10K 1 R4 37 Ҋ  1  

17 /0805-22P 1 C6 38  1  

18 /0805-472P 1 C4 39 ᵝ  1  

19 /0805-221P 1 C2 40 ┴  1  

20 /0805-681P 1 C7 41  1  

21 /0805-152P 1 C8 42    

2̃ ҆ ᾝ ᴆ Ȃ 
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̂3̃ ̂ 8-4̃ 

 

̂4̃  

1̃ ╠  

ŵSMB ̔ 8-5 SMB̔ ̆ ȁ ̆ ̆ ᵝ Ȃ 

Ŷ ᴆ ̔ ᴴȂ 

ŷTHT ᾝᴆ ̔ ᵝ ṿ ̆LEDȁ ȁ ȁ ȁ ȁ ῏

Ȃ 

2̃  

ŵҜ ̆ ┘ ’Ȃ 

Ŷ ̆ ᾝ ᴆᴆ ⌠ SMB ᵝ Ȃ 

̔a.SMC SMDҌ Ȃ     

b. IC Ȃ 

      c. ̆ ᵝ ⌠ ᵝ Ȃ 

      d. ѿ ҹ Ȃ 

 

8-4   SMT ֟  
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ŷ ᵝ Ȃ 

Ÿ ῀Ῥ Ȃ 

Ź ḱ Ȃ 

3̃ THTᾝ ᴆ 

ŵ ᵝ RPȂ 

Ŷ ̆ Ҍ ̆ ⱴ ̆ Ȃ 

ŷ VC1Ȃ 

Ÿ L1Ȃ 

Ź ᾣԋ LED
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̂Ṽ 2.71 2.07 0 2.9 2.9 2.35 2.3 2.3 

 9 10 11 12 13 14 15 16 

̂Ṽ 2.9 2.3 2.3 0.85 0.85 1.21 0.58 1.2 

Ÿ  

FM88͘108MHz̆ ┴ ⌠ᵞ ѿҩ ̂ ѿ FM

̃ ‰┴ ̆ L1 ᶏ ̕ ⌠ѿ

ҩ ̆ ┴ ҉̆ VC1 ҉ ̆ ҉

ң҈ Ȃ 

2̃  

ŵ ̔ ῀ L1̂ Ҍ ̃̆

῀ ᶏ Ȃ 

Ŷ SMB/ Ȃ 
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Ӝ  ֟  

 

ץ └ᵬҍ ҹᶛ̆׃ ֟ Ȃ 

ѿȁ  

1̈ ѿ ֟ ― ‖ ȁ ȁ ̆ԅ ֟ Ȃ 

2̈ ӟ Ȃ 

3̈ TDA2822M̂ D2822̃ ȁⱳ Ȃ 

4̈ ⱳ ᵬ Ȃ 

5̈ ⱳ Һ Ȃ 

6̈ Ῑꜚ ⱬ Ҥ ᵬ Ȃ 

ԋȁ  

1̈ ᴆȂ 

2̈ ↓ ΐȂ 

3̈ ȁ Ȃ 

҈ȁ  

1̈TDA2822M  ׃

TDA2822M ≠ SGSῈ └ ⱳ ῒ̆ ꜚ ҹ 1.8͘15V̆

ҹ 2μV̆ ҹ 120kHz̆ ₮ ҹ 1Ă ₮ ҹ 2.7V̆ 41dB̆

῀ ҹ 4/8/16/32Ω ̆ ֜ Ȃ ᵬԍ ᵣ

̆Ӟ BTL Ȃ ᵣ ᵬ ₮ⱳ ҹ 1W×2̂Vcc=9V̆RL=8Ω̆ 

THD̗10˿̃ 110mW×2̂Vcc=3V̆RL=4Ω̆THD̗10˿̃Ȃῒ ᾝᴆ ̆

̆ᴇ ᵞȂ 

TDA2822M 8-DIP Ȃ 9-1 ̆ TDA2822M ⱳ Ȃ 

 

9-1  DTA2822M ⱳ  

 ⱳ   ⱳ   ⱳ   ⱳ  

1 OUTPUT(1) 3 OUTPUT(2) 5 INPUT–̂2̃ 7 INPUT+̂1̃ 

2 +Vcc 4 GROUND 6 INPUT+̂2̃ 8 INPUT–̂1̃ 

 

2̈ ⱳ  

9-1 ̆ ⱳ Ȃ 
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IC1

1

2

3

45

6

7

8

R4

1k

R2

4 .7k

R6

4 .7

R5

4 .7

R1

4 .7k

R3

1k

C1 104

C2 104

C5

104

C6

104

C3

100u

C4

100u

C7

220u

C8

220u

C9

470u

Rp1

50k

Rp2

50k

SP-R

SP-L

ULi

URi

GND

+5V

TDA2822M

Uo-L

Uo-R

 

9-1  ⱳ  

 

9-1 ̆ ⱳ Ȃ ѿҩ ȁ ⱳ

̆ Ҭ Ui-LȁUi-R ῀ L̆ED R̆P1ȁRP2 ᵝ ̆

ᵝ ̆ ᶫ ̆Ӟ 6V DC ᶫ Ȃ 

ȁᾝᴆ  

    9-1 ̆ ⱳ ᾝᴆ  

9-1  ⱳ  

                     

1  ADS-228 1   

2  TDA2822M ̂D2822  ̃ 1  IC1 

3 ᾣԋ  Φ3mm  1  D1 

4 ᵝ  B50K̂ ̃ 1  RP1ȁRP2 

5 DC   ѿ  DC 

6 ῏ SK22D03VG2 ѿ  K1 

7  4.7Kȁ4.7ß 2  R3ȁR6ȁR1ȁR4 

8  1K 3  R2ȁR5ȁR7 

׃ 9  104P 4  C1ȁC2ȁC4ȁC5 

10  100uF 220uF 2  C7ȁC9ȁC3ȁC6 

11  470uF/16V 1  C8 

12 ᵣ   1   

13  4ß/5W 2   

14   1   

15 ꜚᵬ   4   

16  1.0*90mm*2P 2  SP-LȁSP-R 

17  1.0*60mm 2  B+.  B- 

18 Ҝ PA2*6 10ҩ ȁ ȁꜚᵬ  

19 Ҝ PA2*8 12ҩ  

20 ӥ  1ᴍ  
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ȁ  

1̈ Ȃ 

2̈ԅ ҉ ̆ ҍ Ȃ 

3. ᾝ ᴆ Һ Ȃ 

4. Ȃ 

ԓȁ ῤ  

1̈ ῃ ᴆ̆ Ḡ Ȃ 

2. ҆ ᾝ ᴆ̂ ̃̆ Ȃ 

3. ᾝ ᴆ ̆ ̂ ̃ Ҍץ Ȃ 

└ ̆ ̆ ≢ Ȃ 

5̈ ȁ ᾝ ᴆȂ ̔ ᾝ ᴆ Ҍ ԍҬ Ȃ 

6. Ȃ 

7. Ȃ 
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  PCB ┘ ҍ└ᵬ 

ѿȁ  

1̈ԅ PCB Ȃ 

2̈ ᴪᶏ Altium Designer ᴆ̂ Protel ᴆ̃ SCH PCB Ȃ 

3̈ PCB Ȃ 

4̈ԅ PCB └ Ȃ 

5̈ Ḥ ȁ└ᵬȁ ȁ ȁ Ȃ 

6̈ ⱳ ȁ└ᵬȁ ȁ ȁ Ȃ 

7̈ ȁ└ᵬȁ ȁ ȁ Ȃ 

8̈ Ῑ ⱬȁ ⇔ ⱬȁ Ҥ ᵬ Ȃ 

ԋȁ  

1̈└ᵬ PCB ת↓ ̆ ̔ ȁ ᾣ ȁ ┴ ȁ

ȁ ȁ ȁ ȁ ȁ ȁ ȁ Ȃ 

2̈ ᵣ Ȃ 

3̈ ↓ ΐ̆ Ȃ 

4̈ ת ת ̆ ̔҆ ȁ ȁ Ȃ 

5̈Ḥ ȁ ⱳ ȁ ᶏ ᾝ ᴆȂ 

҈ȁ  

1̈Ḥ  

10-1 ̆ Ḥ Ȃ 

1

2

3456

7

8 9

10 11 1213 14

IC1   ICL8038

R4

4.7k

R5

10k

R7

6.8k

R1

20k

R3

4.7k

R2

4.7k

R6

10k

S2S1 S3

Rp1

10k

Rp2

1k

Rp4

100k

Rp3

100k

C1

105

C3

221

C2

103

C4

0.1u

C5

0.22u

VT1

8050

 

10-1  Ḥ  
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2̈ ⱳ  

10-2 ̆ ⱳ Ȃ 

IC1

1

2

3

45

6

7

8

R4

1k

R2

4 .7k

R6

4 .7

R5

4 .7

R1

4 .7k

R3

1k

C1 104

C2 104

C5

104

C6

104

C3

100u

C4

100u

C7

220u

C8

220u

C9

470u

Rp1

50k

Rp2

50k

SP-R

SP-L

ULi

URi

GND

+5V

TDA2822M

Uo-L

Uo-R

 

10-2  ⱳ  

3̈  

10-3 ̆ Ȃ 

A C

2

V +

1

A C

4

V -

3

B 1 5 V

A C

2

V +

1

A C

4

V -

3

B 2 1 5 V

C 6

100uF/50V

C 2

100uF/50V

C 3

100uF/50V

+5V

-5V

+15V

-15V

C27

1 0 4

C23

1 0 4

C25

1 0 4

C28

1 0 4

C 8

100uF/50V

C 4

4 7 0 u F

C24

1 0 4

C 5

100uF/50V

C26

1 0 4

+5V

R14

1 K

C 7

100uF/50V

C29

1 0 4

C 9

100uF/50V

C30

1 0 4

+12V

-12V

C31

1 0 4

C10

100uF/50V

C11

100uF/50V

C32

1 0 4

V +

V +

V -

V -

AC1

AC2

AC3

AC4

G

N

D

1

O U T

3

I N

2

IC2 MC79L05CG

G

N

D

1

O U T

3

I N

2

IC4 MC79L15CG

G

N

D

1

O U T

3

I N

2

IC6 MC79L12CG

I N

1

O U T

3

G

N

D

2

IC1 MC78L05CG

I N

1

O U T

3

G

N

D

2

IC5 MC78L12CG

I N

1

O U T

3

G

N

D

2

IC3 MC78L15CG

+15V

R15

1 K

+12V

R16

1 K

A C

2

V +

1

A C

4

V -

3

B 3 3 0 V

AC5

AC6

C12

3300uF/35V

0-30V

0.1uF

C 1

D 1

C13

1uF/50V

D 2

C14

10uF/50V

+30V

V I

3

V o

2

Vadj

1

IC7 LM317T

R 3

1 K

-12V

R 1

1 K

-5V

R 2

1 K

-15V

S 1

SW-SPST

S 2

SW-SPST

S 3

SW-SPST

S 4

SW-SPST

S 5

SW-SPST

S 6

SW-SPST

S 7

SW-SPST

R 5

2 K

R 4

2 4 0

1 K

RP1

 

10-3   
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4̈  

̂1̃ ᴆ 

̂2̃ SCH   

̂3̃ⱴ ᾝᴆ ̕ 

̂4̃ ̕ 

̂5̃ᾝᴆ ̕ 

̂6̃ ̕ 

̂7̃ ̕ 

̂8̃ ̕ 

̂9̃ ҍ Ȃ 

5̈PCB ꜚ  

̂1̃ ᴆ̕ 

̂2̃ PCB ̕ 

̂3̃ⱴ ᾝᴆ ̕ 

̂4̃ ⅞ ̕ 

̂5̃ᾝᴆ ̕ 

̂6̃ ̕ 

̂7̃ ̕ 

̂8̃ ̕ 

̂9̃ Ȃ 

6̈PCB ꜚ  

̂1̃ ᴆ̕ 

̂2̃ PCB ̕  

̂3̃ ⅞ ̕  

̂4̃ⱴ ᾝ ̕ 

̂5̃‰ ̕ 

̂6̃ ᾝᴆ̕ 

̂7̃ ꜚ ̕ 

̂8̃ ̕ 

̂9̃ ₮Ȃ 

7̈PCB  

̂1̃Ḥ ̆ѿ ̔20milȂ 

̂2̃ ̆ѿ ̔10milȂ 

̂3̃ ȁ ̆ѿ ̔40͘60milȂᵖ Ҭ ȁ

̆ ȁ ⱴ Ȃ 

8̈ PCB ┘ └ᵬ ̂ ̔ ԍ ӟ ̃ 

̂1̃ └ SCH ̕ 

̂2̃ └ PCB ̕ 

̂3̃ ̔ PCB ̕ 

̂4̃ ̔ Ἕ ᾝᴆ Ҝ PCB ̕ 

̂5̃ ̔ PCB ⌠ ̕ 

̂6̃ ̔ ⌠ ̂ ̔ 10͘15№ ̃̕ 

̂7̃ ̔ ҉ ̕ 

̂8̃ ̔ ̕ 
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̂9̃ ̔ Ἕ ᾝᴆ Ҝ PCB ⌠ Ȃ 

ȁ  

1̈ ӟ Altium Designer ᴆ̂ Protel ᴆ̃ ̆ SCH PCB

Ȃ 

2̈ Ḥ ȁ ⱳ ȁ Ȃ 

3̈ Ḥ ȁ ⱳ ȁ PCB Ȃ 

4̈ ӟ PCB └ᵬ ̆ └ᵬ PCB ת↓ Ȃ 

5̈ Ḥ ȁ ⱳ ȁ ȁ ȁ└ᵬȁ ȁ

ȁ Ȃ 

6̈ Ῑ ⱬȁ ⇔ ⱬȁ Ҥ ᵬ Ȃ 

ԓȁ ῤ  

    1̈ ӟ Altium Designer ᴆ̂ Protel ᴆ̃ Ȃ 

    2̈ SCH PCB Ȃ 

    3̈ └Ḥ ȁ ⱳ ȁ Ȃ 

    4̈ └Ḥ ȁ ⱳ ȁ PCB Ȃ 

    5̈ ӟ PCB └ᵬ ̆ └ᵬ PCB ת↓ Ȃ 

    6̈└ᵬḤ ȁ ⱳ ȁ PCB Ȃ 

    7̈ Ḡ ᶏ ᾝ ᴆȂ 

    8̈ ȁ Ḥ ȁ ⱳ ȁ Ȃ 

    9̈ ȁ Ḥ ȁ ⱳ ȁ ̆

₮ ̆ ₮ ̕ ҆ ₮ ̆ ṿȂ 

10̈ Ȃ 

 

 


