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(reverse-bias saturation current)
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� �\ � ]^ 6 7 �

(Zener diode)

+ _ � ` ab + ;

(breakdown voltage) VZ = 10 V � cd
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ef  

10 kΩ

8 V 10 kΩ

 
� 0.4 mA � 0.5 mA � 0.8 mA � 1 mA �
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(photodiode)

hi g 6 7 �

(light-emitting diode � LED)
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BJT

: ;+ _ � xy '

BJT

z {| 8 9 {} ~ �

(forward active mode) � � + D ? ��

= 99 �

BE

45 � S+ ;

VBE(ON) = 0.7 V � cd

VB

ef  
� 2.7 V  � 3 V 
� 9 V  � 9.3 V �
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(emitter follower)
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(enhancement mode)n
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MOSFET(NMOS)
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(threshold voltage � VT)
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(source � S)
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(gate � G)

h � 7  + ;

(

r¡

VGS)
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(inversion layer) 
�
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9.

xy �A n

� S ±

JFET � � ²³ + ;

(pinch-off voltage) VP = −4 V � ´ � � 7+ D
IDSS = 16 mA � VGS = −1 V �cd µ¶

JFET

§ � U V¨ -

VDS

ef  
� 6 V � 5 V � 4 V � 3 V �

1
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10.

�A ·¸ �

(depletion mode) NMOS

-

IDSS

 

16 mA � VT

 

−4 V � cd
VGS

 

1 V

< -U V � 7+ D f

 
� 25 mA � 16 mA � 12 mA � 9 mA 
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� �\ �

NMOS

� � 7+ _ � �¹ } A º+ D �: ; � `� S »¼

(conduction parameter) kn = 1 mA/V2½
VT = 1 V½ ID = 1 mA½ RD = 3 k

¾ � cd

VDS

f

 
� −4 V � −1 V � 1 V � 4 V 
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12.

�A l m¿ ¼

H( jω ) = 

2
j

1

1
ω+

� cd

ω = 2 rad/sec

< � ? � ef  

� 3 dB � −3dB � 6 dB � −6 dB �
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(operational amplifier � OPA)
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(differential gain)
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(power amplifier)
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(corner frequency)
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� �\ -Õ t M � � �

(noninverting amplifier) � x y

A  � �

OPA � `
R1 = 10 k

¾ � Rf = 30 k

¾ � cd + ;? � f

� 4  � −4 
� 3  � −3 
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(loop gain)

� Ìí [

(Bode plot) � îï � 
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M ÷ øù

(phase margin � PM)
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(gain margin � GM)
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23.A ö ; �

(regulator)

- �� + ; &� ç <  

8 V � ·ç <  

10 V � � *ç ö ; °

(load regulation)

 � �

 
� 80 % � 50 % � 25 % � 20 % �
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- � â  

LM7812 � îï � � º �� + ;  f

 
� 7 V � 8 V � 12 V � −12 V 
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25.

�A ì _? � � l m¿ ¼  
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�
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�

�
�
�

� ω+
=ω

1000
j

1
100
j

1
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j

1
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)(T
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 ��  � � > 7 �

(dominant pole)
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� 0 rad/sec � 10 rad/sec � 100 rad/sec � 1000 rad/sec �
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(Schmitt trigger)
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27.

�A CMOS

t M �

(inverter)

- *ç + �

CL = 1 pF½ VDD = 5 V½ 	Ñ Ñ °  

100 kHz � cd � �
 � - ¯ ° f

 
� 1 � W � 2 � W � 2.5 � W � 5 � W �
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 �t M � - w � �� �� + ;� �  

VIH

½ VIL

� �M � ¥ - �� + ;  

VOL

h

VOH

� î ï � � ÷ � � ø ù

(noise margin)
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20 mA � �� � ¥� º *ç + D
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NMOS
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� Z X Y= +   � Z X Y= +  
� Z X Y= ⋅   � Z X Y= ⋅  
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