
�� �� �
��������	



Overview

� �� ��� ��� 	

� Chapter 6. Single Stage Integrated Circuit Amplifiers

� BJT/MOS high freq. ��

� Biasing �� (Current mirror � )
� Transistor 2� ��	 
�� (Cascode� )

� Chapter 7. Differential & Multistage Amplifiers
� Differential amp.
 ��� ����
� Differential amp.
 ���� ��

� Chapter 8. Feedback
� Feedback
 �� (negative feedback)
� 4�� ��
 feedback (�� /�� sampling, �� /�� mixing)

� Chapter 9. Operational Amplifier (OP-AMP)
� 741� !"



Review: MOSFET

� MOS-FET: 
Metal-Oxide Semiconductor FET

� MOSFET� Type
� Enhancement type

(���� 90%�� )

� Depletion type

� MOSFET� �� (BJT� �� )
� �� 
� �� � �� .
� ��� ��� ���
� �������� ������������ ��������
� MOSFET��� �� ���  ! (IC)



Review: MOSFET (3 modes)

� Cutoff

� Triode (Linear)

� Saturation

* 
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Review: Small signal model (no internal cap.)

� Channel length modulation

� Body effect



Review: BJT

� Emitter Collector/Base "# $% &� '()
� Base *+, -� ./� 0�

� Type: NPN / PNP
� NPN type: 

� �# ��$ electron% &' ()

� PNP type: 
� �# ��$ hole% &' ()
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��	 ���
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Review: BJT (4 Modes)

ForwardForwardSaturation

ForwardReverseReverse Active

ReverseForward(Forward) Active

ReverseReverseCutoff

CBJEBJMode



Review: small signal model (no internal cap.)

� Early effect



Table 6.3Comparison of the MOSFET and BJT

(1) Forward-bias EBJ :

� BE � VBEon , VBEon � 0.5 V
Let � GS = Vt +  � OV

(2) Reverse-bias CBJ :

� BC < VBCon , VBCon � 0.4 V
or equivalently,

� CE � 0.3V

(1) Induce a channel : 

� GS � Vt , Vt = 0.5 - 0.7 V
Let � GS = Vt +  � OV

(2) Pinch-off channel at drain :

� GD < Vt

or equivalently,

� DS � VOV , VOV = 0.2 - 0.3 V

To Operate in the 
Active Mode, Two 
Conditions Have To 

Be Satisfied

Circuit Symbol

npnNMOS



Table 6.3Comparison of the MOSFET and BJT (Continued)

Low-Frequency 
Hybrid-� Model

Current-Voltage 
Characteristics in the 

Active Region

npnNMOS
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Table 6.3Comparison of the MOSFET and BJT (Continued)

Transconductance

gm

Low-Frequency 

T Model

npnNMOS
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Table 6.3Comparison of the MOSFET and BJT (Continued)

�

Input Resistance with 
Source (Emitter) 

Grounded

Intrinsic Gain

A0 � gmro

Output Resistance
ro
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Table 6.3Comparison of the MOSFET and BJT (Continued)

high-
Frequency 

Model

npnNMOS





Review: Single stage Amp.
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Internal Capacitance (MOSFET)



MOS Gate Capacitance



MOS Junction Capacitance

� Internal capacitance �� : 
� fF (10-15 F) to pF (10-12 F) (see Ex. 4.36)
Cf.) Coupling cap. ~ 10-6 F



MOSFET High Frequency Model



High Freq. Small Signal Model



MOSFET Unity Gain Freq. (fT)

(��)* +,��''�-.����/�����0	�1���%�����2-.����3�����0	�



BJT high freq model



BJT Unity Gain Freq. (fT)

� MOS� ����� short circuit current gain (hfe)� �	
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Figure 6.4 Circuit for a basic MOSFET constant-current source.
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Figure 6.5 Basic MOSFET current mirror.
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Figure 6.6 Output characteristic of the current source in Fig. 6.4 and the current mirror of Fig. 6.5 for the case Q2 is matched to Q1.



EXAMPLE 6.4
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EXAMPLE 6.4(cont’d)
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Figure 6.7 A current-steering circuit.



(((( ))))
(((( ))))

2
2

1

/

/REF

W L
I I

W L
==== (6.12)

(((( ))))
(((( ))))

3
3

1

/

/REF

W L
I I

W L
==== (6.13)

2 3 1,D D SS GS inV V V V V³ - + -³ - + -³ - + -³ - + -

2 3 1,D D SS OVV V V V³ - +³ - +³ - +³ - +

(6.14)

(6.15)

(((( ))))
(((( ))))

5
5 4

4

/

/

W L
I I

W L
====

5 5D DD OVV V V£ -£ -£ -£ -

(6.16)

(6.17)



Figure 6.8 The basic BJT current mirror.
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Figure 6.9 Analysis of the current mirror taking into account the finite b of the BJTs.
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Figure 6.10 A simple BJT current source.



Figure 6.11 Generation of a number of constant currents of various magnitudes.
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Figure E6.8



Freq. Response of the CS Amp. 

� LF-band:

� Midband: 

� HF-band: 
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High Freq. Response (CS amp.)



Miller’s Theorem (See 6.4.4)



Using Miller’s Thm on CS amp. 



High Freq. Response (CS amp.)
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��4/
�)��50

��-����)��50�����



Low Freq. Response (CS amp.)



� Dominant pole:
� �� � pole

� Pole� �� �� �
�

� Vsig=0� ��
� � �	 cap. 

�

�
�� equivalent 
��� �� .

� 

	 Time constant
� �� � =CR



Frequency Response of CE amp. 

� CS amp.� ��� ���
� 	


� LF: 
� internal cap.� �� (open)
� coupling/bypass cap.� ��

� Midband: 
� coupling/bypass cap. = short
� Internal cap.� �� (open)

� HF: 
� internal cap.� ��
� coupling/bypass cap. = short  



High freq. Response (CE amp.)





Low Freq. Response (CE amp.)

� Open circuit time constant model (we will see later)
� Effect of each cap. is calculated one at a time.






