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ENEE2360  Analog 

Electronics

2

Instructor : Nasser Ismail

Field Effect Transistor- FET

Advantages

1- High input impedance ; ~100 M !

2- Fewer steps in manufacturing process.

3- More devices can be packaged into smaller  area for integrated circuit IC

Disadvantages

1- Low values of voltage gain.

2- Poor high frequency performance.

FET Vs conventional Transistors (BJT)

3- Sensitivity to Electro-static Discharge (ESD) and special handling is required.
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FET Types: Field Effect Transistor

FET

Junction Field Effect Transistor

JFET

Metal Oxide Semiconductor FET

MOSFET

P-Channel n-Channel

Depletion 

Type

Enhancement 

Type

P-Channel n-ChannelP-Channel n-Channel

Junction Field Effect Transistor JFET

JFET construction:

P P
n

Source

Gate

Drain

n-channel JFET

 Reverse biasing the gate to source junctions causes the        

formation of the depletion region 

 The drain has the proper polarity with respect to the 

source to establish the drain current 𝐼𝐷𝑆

 The value of 𝐼𝐷𝑆 depends on the width of the 

channel. 

 The width of the channel is controlled by reverse 

biasing the pn-junctions between gate and source . 

 If the channel width increases 𝐼𝐷𝑆 increases . 
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P P

+

-

+

-

+

-

N

N

Operation of a  JFET

Gate

Drain

Source

http://www.learnabout-electronics.org/fet_03.php

ENEE236 9

The nonconductive depletion region becomes thicker with increased reverse bias.

(Note: The two gate regions of each FET are connected to each other.)

N-Channel JFET Operation
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JFET Circuit Symbol:

P-Channel
n-Channel

JFET output characteristic:

G

S

DOhmic 
region Pinch off 

region

cut off region
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Pinch of voltage 𝑉𝑃:

P P
n

Source

Drain

For 𝑉𝐺𝑆 = 0 ,the value of 𝑉𝐷𝑆 at which 𝐼𝐷𝑆 becomes essentially constant 

Is the absolute of the pinch of voltage 𝑉𝐷𝑆 = |𝑉𝑃|

Some literature refer to Vp as VGS(off)

𝑉𝑃 = ቊ
𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑛_𝑐ℎ𝑎𝑛𝑛𝑒𝑙
𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑝_𝑐ℎ𝑎𝑛𝑛𝑒𝑙
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P-channel JFET

𝐼𝐷𝑆 t = 𝐼𝐷𝑆𝑆 1 −
𝑉𝐺𝑆 𝑡

𝑉𝑃

2

In pinch off region:

𝑉𝑃 > 𝑉𝐺𝑆 ≥ 0

|𝑉𝐷𝑆| > 𝑉𝑃 − |𝑉𝐺𝑆|
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Common JFET Biasing Circuits

 Fixed-Bias 

 Self-Bias

 Voltage-Divider Bias
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2

1 









P

GS
DSSD

V

V
II

Basic Current Relationships

For all FETs:

A0 IG 
DSSD

III 

For JFETS

Fixed-Bias Configuration

DDDDDS RIVV 

 V 0SV

DSD VV 

GGGS VV 
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Example

22

VDD

+16V

RD

2 kWRG

1 MW D
+

VDS 

SVGG 

1.5V

-

V 5.105.1  SGGS VVV

mA  3.9     

4

5.1
1mA 10     

1  )1

2

2



























P

GS

DSSD
V

V
II

    

V 8.2       

mA 3.9 2k - 16        

 )2






DDDDDS

RIVV

mA 10I

V 4V

DSS

P





?  VVVfor      check  )3 GSPDS 

region offpinch in  is JFET Assuming

  trueis assumption

1.5-4-8.2 
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Example

35

biased reversejunction  sourcegate  thekeep to

V than positive more bemust  V
GS



SDGGS
RIVV 

SDS
RIV 

21

2

RR

VR
V DD

GS




+12V

RD

3.3 kW

R2

1 MW

+

VDS 
S -

RS

2.2 kW

R1

6.8 MW

+

-

V
D
=

7
V

SD

DD

GS
RI

RR

VR
V 




21

2

mA  52.1
3300

712

V 7











D

DDD
D

DDDDD

R

VV
I

RIVV
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Example

36

    V 3.342.2kΩ  1.52mA  SDS RIV

V 1.5415
M 6M 1

M 1





G
V +12V

RD

3.3 kW

R2

1 MW

+

VDS 
S -

RS

2.2 kW

R1

6.8 MW

+

-

V
D
=

7
V

mA  1.52
2200

3.34

R

V
I

also

OK   0V 8.134.354.1

S

S

D



GS

V

• 1) Depletion type MOSFET: DMOSFET

• 2) Enhancement type MOSFET: EMOSFET

• The MOSFET differs from the JFET in that it has no pn junction 

structure; instead, the gate of the MOSFET in insulated from the 

channel by a silicon dioxide (   𝑆𝑖𝑂2 ) large.

• Due to this the input resistance of MOSFET is greater than JFET.

Metal Oxide Semiconductor Field Effect Transistor MOSFET
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Depletion type MOSFET:

• Construction of n-channel DMOSFET:

P
Substrate

Drain

NN N

GateSource

Metal

Silicon 
dioxide

Operation , characteristic and parameters of DMOSFET 

n-channel DMOSFET

- On the application of 𝑉𝐷𝑆and keeping 𝑉𝐺𝑆=0 electrons from the n-channel 
are attracted towards positive potential of the drain terminal .

- This establishes current through the channel to be denoted as 𝐼𝐷𝑆𝑆 at 
𝑉𝐺𝑆=0 . 

- If we apply negative gate voltage (𝑉𝐺𝑆 0) the negative charge on the gate 
repel electrons from the channel . The number of repelled electrons 
depends on the magnitude of the negative voltage 𝑉𝐺𝑆.

- The greater the negative voltage applied at the gate , the level of drain 
current will be reduced until it reaches zero ; 𝑉𝐺𝑆= 𝑉𝑃 .
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- For positive value of 𝑉𝐺𝑆, the positive gate will draw additional     electrons 
from the p-type substrate and the drain current increases .

D

S

G

Sub

D

S

G

Sub

P-channel 
DMOSFET

n-channel 
DMOSFET

Drain characteristics for an n-channel DMOSFET 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = +1 

𝑉𝐺𝑆 = +2 
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Transfer characteristics for an n-channel DMOSFET 

Drain characteristics for an p-channel DMOSFET 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = +1 

𝑉𝐺𝑆 = +2 

 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = +1 

𝑉𝐺𝑆 = +2 

 

n-channel DMOSFET 
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Transfer characteristics for an p-channel DMOSFET 

n-channel DMOSFET 

In the pinch off region

For the n- channel 

For the p- channel 

𝑖𝐷𝑆(𝑡)= 𝐼𝐷𝑆𝑆(1 −
𝑉𝐺𝑆

𝑉𝑃
) 2

𝑉𝐺𝑆 𝑉𝑃(negative)
𝑉𝐷𝑆 𝑉𝐺𝑆 − 𝑉𝑃

𝑉𝐺𝑆 𝑉𝑃(positive)
𝑉𝐷𝑆 𝑉𝐺𝑆 − 𝑉𝑃
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Example 

𝐼𝐷𝑆𝑆= 4mA           𝑉𝑃= - 5 v

+12 𝑣 

𝐼𝐷𝑆𝑆 = 4𝑚𝐴 

𝑉𝑃 = −5 𝑣 11 M

100 M

D

G

0.5 k

s

Suppose that the DMOSFET is in the pinch off region 

sub 2 into 1 , we obtain 

𝐼𝐷𝑆= 𝐼𝐷𝑆𝑆(1 −
𝑉𝐺𝑆

𝑉𝑃
) 2

𝑉𝐺𝑆= 𝑉𝐺 - 𝑉𝑆 =  𝑉𝐺

𝑉𝐺= 
11𝑀

11𝑀+100𝑀
(12) = 1.19 v

𝐼𝐷𝑆= 6.13mA 𝐼𝐷𝑆𝑆   !! This is possible and 
DMOSFET will operate in enhancement mode

𝑉𝐷𝑆= 𝑉𝐷𝐷- 0.5K  𝐼𝐷𝑆 = 8.93 v
𝑉𝐷𝑆 >

? 𝑉𝐺𝑆 − 𝑉𝑃 = 6.19 v 

………….1

…………2

Enhancement Type MOSFET
• Construction of n-channel EMOSFET:

P
Substrate

Drain

NN

Gate
Source

Metal

𝑉𝐺𝑆  

𝑆𝑖𝑂2  
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Operation , characteristic and parameters of EMOSFET 

- On the application of 𝑉𝐷𝑆and keeping 𝑉𝐺𝑆=0 practically zero current flows .

- If we increase 𝑉𝐺𝑆 in the positive direction the concentration of electrons 
near the Si𝑂2 surface increases ,

- At particular value of 𝑉𝐺𝑆 there is a measurable current flow between drain 
and source ; 𝐼𝐷𝑆 .

- This value of   𝑉𝐺𝑆 is called threshold voltage denoted by 𝑉𝑇 or VGS(TH)

- A positive 𝑉𝐺𝑆 above 𝑉𝑇 induce a channel and hence the drain current (𝐼𝐷𝑆) 
by creating a thin layer of negative charges (electrons) in the substrait
adjacent  to the Si𝑂2 large .

The conductivity of the channel is enhanced by increasing 𝑉𝐺𝑆 and thus pulling 
more electrons into the channel .

D

S

G

Sub

D

S

G

Sub

P-channel 
EMOSFET

n-channel 
EMOSFET
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Drain characteristics for an n-channel EMOSFET 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = 4 

𝑉𝐺𝑆 = 3 

 

𝑉𝐺𝑆 = 𝑉𝑇  =2 

𝑉𝐺𝑆 = 5 

𝑉𝐺𝑆 = 6 

Transfer characteristics for an n-channel EMOSFET 

𝑉𝑇   
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Drain characteristics for an p-channel EMOSFET 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = −4 

𝑉𝐺𝑆 = −3 

 

𝑉𝐺𝑆 = 𝑉𝑇  =-2 

𝑉𝐺𝑆 = −5 

𝑉𝐺𝑆 = −6 

Ohmic 
region

Pinch off 
region

cut off region

𝑉𝐺𝑆 = 4 

𝑉𝐺𝑆 = 3 

 

𝑉𝐺𝑆 = 𝑉𝑇  =2 

𝑉𝐺𝑆 = 5 

𝑉𝐺𝑆 = 6 

n-channel 

Transfer characteristics for an p-channel EMOSFET 

𝑉𝑇   
𝑉𝑇   

n-channel 

P-channel 
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ENEE236 73

Summary Table

JFET D-MOSFET E-MOSFET

In the pinch off region- EMOSFET

𝑖𝐷𝑆(𝑡)= 𝐾𝑛(𝑉𝐺𝑆 𝑡 − 𝑉𝑇)
2

|𝑉𝐷𝑆|  |𝑉𝐺𝑆 − 𝑉𝑇|

𝑉𝐺𝑆𝑉𝑇 ;    n- channel 
𝑉𝐺𝑆𝑉𝑇 ;    p- channel 

Just for Information

Just for Information
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Example

𝐾𝑛=0.25X10−3A/𝑉2

𝑉𝑇 = 2 v

𝐼𝐷𝑆= 𝐾𝑛(𝑉𝐺𝑆 − 𝑉𝑇)
2 ………..1

𝑉𝐺𝑆= 𝑉𝐺 - 𝑉𝑆

𝑉𝐺= 
22𝑀

22𝑀+47𝑀
(18) = 5.74v

+18 𝑣 

𝑅1  

𝑅2  
22 M

47 M

D

G

2.2 k

s

0.5 k

solving for 𝑽𝑮𝑺:

𝑉𝑆= (0.5K) 𝐼𝐷𝑆

𝑉𝐺𝑆 = 5.74 - (0.5K) 𝐼𝐷𝑆………...2

𝑉𝐺𝑆= 4.78v    √
= -8.78v     X

𝐼𝐷𝑆=1.92m A

𝑉𝐷𝑆= 12.82 | 𝑉𝐺𝑆 − 𝑉𝑇|

𝐾𝑛=0.25X10−3A/𝑉2

𝑉𝑇 = 2 v

+18 𝑣 

𝑅1  

𝑅2  
22 M

47 M

D

G

2.2 k

s

0.5 k
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Complementary MOS (cmos) inverter 

Q1

Q2

s1

𝑉𝑆(𝑡)  𝑉𝑜(𝑡)  

+

-

D1

D2

s2

+10 𝑣 

t  

𝑉𝑆(𝑡)  
𝑸𝟐 is off , replaced with open  circuit 

𝑉𝐺𝑆𝟏 = 𝑉𝐺𝟏 - 𝑉𝑆𝟏 = 10-0 = 10 v  𝑉𝑇𝟏

𝑉𝐺𝑆𝟐 = 𝑉𝐺𝟐 - 𝑉𝑺𝟐 = 10-10 = 0 v  𝑉𝑇𝟐

1)  Let 𝑉𝑆(t) = 10 v

𝑸𝟏 is on , replaced with short  circuit 

10v

𝑉𝑜(𝑡) = 0 𝑉  

+

-

+10 𝑣 

Q1

Q2

s1

𝑉𝑆(𝑡)  𝑉𝑜(𝑡)  

+

-

D1

D2

s2

+10 𝑣 

t  

𝑉𝑆(𝑡)  
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𝑸𝟐 is off , replaced with short circuit 

𝑉𝐺𝑆𝟏 = 𝑉𝐺𝟏 - 𝑉𝑆𝟏 = 0 = 0 v 𝑉𝑇𝟏

𝑉𝐺𝑆𝟐 = 𝑉𝐺𝟐 - 𝑉𝑺𝟐 = 0-10 = -10 v  𝑉𝑇𝟐

2)  Let 𝑉𝑆(t) = 0 v

Q1

Q2

s1

𝑉𝑆(𝑡)  𝑉𝑜(𝑡)  

+

-

D1

D2

s2

+10 𝑣 

t  

𝑉𝑆(𝑡)  

𝑸𝟏 is off , replaced with open circuit 

𝑉𝑜(𝑡) = 10 𝑉  

+

-

+10 𝑣 

Inverter = NOT GATE 
t  

𝑉𝑆(𝑡)  

t  

𝑉𝑜(𝑡)  
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Ac small signal Equivalent for FET   model derivation not required

𝑖1=𝑦11𝑣1 + 𝑦12𝑣2

𝑖2=𝑦21𝑣1 + 𝑦22𝑣2

Two port
No independent

𝑣1 𝑣2 

𝑖2 𝑖1 

+

-
+

-

+

-

𝑖1 

𝑣1 

𝑖2 

𝑣2 

+

-

𝑦11  𝑦22  

 

𝑦12𝑣2 

𝑦21𝑣1 

( open circuit  )

𝑖𝒈=𝑦11𝑣𝒈𝒔 + 𝑦12𝑣𝒅𝒔

𝑖𝒅𝒔=𝑦𝟐1𝑣𝒈𝒔 + 𝑦𝟐2𝑣𝒅𝒔

𝑦11 = 
𝑖𝒈

𝑣𝒈𝒔
|𝑣𝒅𝒔=𝟎 =  

𝑖𝑮(𝒕)

𝑽𝑮𝑺(𝒕)
|𝑽𝑫𝑺(𝒕)=𝑽𝑫𝑺𝑸

 𝑦11 =0

𝑣𝑔𝑠 

𝑣𝑑𝑠  

+

-

𝑖𝑑𝑠  

𝑖𝑔  

model derivation not required
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(open circuit  )

𝑦12 = 
𝑖𝒈

𝑣𝑑𝒔
|𝑣𝑔𝒔=𝟎 =  

𝑖𝑮(𝒕)

𝑽𝑫𝑺(𝒕)
|𝑽𝑮𝑺(𝒕)=𝑽𝑮𝑺𝑸

 𝑦12 = 0

 𝑦12𝑣𝒈𝒔= 0 

But 𝑖𝑮(𝒕)=0 

+

-

𝑖1 

𝑣1 

𝑖2 

𝑣2 

+

-

𝑦11  𝑦22  

 

𝑦12𝑣2 

𝑦21𝑣1 

model derivation not required

𝒚𝟐𝟏 = 𝒈𝒎 ; Forward Transconductance

𝑦22 = 
𝑖𝑑𝑠

𝑣𝑑𝒔
|𝑣𝑔𝒔=𝟎 =  

𝑖𝑫𝑺(𝒕)

𝑽𝑫𝑺(𝒕)
|𝑽𝑮𝑺(𝒕)=𝑽𝑮𝑺𝑸

1

𝑦22
= 𝑟𝑑𝑠 =

𝑉𝐴

𝐼𝐷𝑆𝑄

𝑦21 = 
𝑖𝑑𝑠

𝑣𝑔𝒔
|𝑣𝑑𝒔=𝟎 =  

𝑖𝑫𝑺(𝒕)

𝑽𝑮𝑺(𝒕)
|𝑽𝑫𝑺(𝒕)=𝑽𝑫𝑺𝑸

𝑦21=  
𝑑 𝑖𝑫𝑺(𝒕)

𝒅 𝑽𝑮𝑺(𝒕)
|𝑄

+

-

𝑖1 

𝑣1 

𝑖2 

𝑣2 

+

-

𝑦11  𝑦22  

 

𝑦12𝑣2 

𝑦21𝑣1 

model derivation not required
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Definition: Transconductance gm
















P

GS

P

DSS

m

V

V

V

I
g 1

2

V

I

DMOSFETs and JFETsFor 

GS

D

P

DSS
m

V

I
g

2
0 

DSS

D
m

P

GS
mm

I

I
g

V

V
gg 00     1 










EMOSFETFor  
 

)(

GS

D 2K
V

I
THGSGSm

VVg 



 

 2

)(

2

)(
K

THGSGS

D

THGSGSD

VV

I
K

VVI






 
K

ID
)(  THGSGS VV

K
K

Kgm D

2

DD I2
K

I
2

K

I
2 

AC Small Signal Equivalent Circuit
(MODEL Valid for all FET Types)
• In ac

• Or

gsmd

gs

d

m
vgi

v

i
g 

gmrdsVgs

=mVgs

rds

G D

S S

+

-

gmVgs
rds

G D

S S

factorion amplificat -   
dsm

rgm
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FET Ac Small Signal Amplifiers

• 𝒈𝒎=
−2𝐼𝐷𝑆𝑆

𝑉𝑝
(1 −

𝑉𝐺𝑆

𝑉𝑃
)

• 𝑉𝐺𝑆 = - 2 v 

𝒈𝒎= 3m A/V

𝐼𝐷𝑆𝑆= 12mA

𝑉𝑝= - 4 v

𝑟𝑑𝑆= 100 K

• 1) Common Source Amplifier 

DC

C1

C2

1 M

2 v

+

-

2.2k

ac small signal equivalent circuit

DC

1M
+

-
2.2k

+

-

100 k

s

g d

DC

C1

C2

1 M

2 v

+

-

2.2k
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ac small signal equivalent circuit

𝑉𝑔= 𝑉𝑖

𝑉𝑆= 0

DC

1 m
+

-

𝑽𝒐(𝒕) 

2.2k𝑟𝑑𝑠  

+

-

𝑔𝑚𝑣𝑔𝑠  

100 k

s

g d

𝑍𝑖𝑛  
``

𝑍𝑜𝑢𝑡  

𝑽𝑶= - 𝒈𝒎𝑽𝒈𝒔(100K \\ 2.2K)

𝑉𝑔𝑠= 𝑉𝑔 - 𝑉𝑆

𝑨𝒗 =
𝑽𝑶

𝑽𝒊
= - 𝒈𝒎 (100K \\ 2.2K)

𝑨𝒗 = -6.6 

𝒁𝒊= 1MW

𝒁𝒐=𝒓𝒅𝒔 =100K

1 M

Example 

𝒈𝒎= 4 mS ;     𝒓𝒅𝒔 = 100KW

+𝑉𝐷𝐷  

2.2 M

1 M

D

G

4 k

s

0.5 kDC

C1
10 k

C2

Css 12 k

+

-

𝑽𝒐(𝒕) ac small signal equivalent circuit

DC

1M//2.2M
+

-
4k

+

-

100 k

s

g d

``

10 k

12k
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DC

1M//2.2M
+

-
4k

+

-

100 k

s

g d

``

10 k

12k

𝑽𝑶= - 𝒈𝒎𝑽𝒈𝒔(100K \\ 4K \\ 12K )

𝑉𝑔𝑠= 𝑉𝑔 - 𝑉𝑆

𝑍𝑖= 1M\\ 2.2M

𝑍𝑜= 100K \\ 4K

𝑣𝑔 =
1𝑀\\2.2𝑀

1𝑀\\2.2𝑀+10𝐾
𝑣𝑖 ; 𝑣𝑠 = 0 

𝐴𝑣 =
𝑉𝑂

𝑉𝑖
= -11.48  

Example 
+𝑉𝐷𝐷  

D

DC

C1

C2

Css

𝑽𝒐(𝒕) 

𝑽𝒊(𝒕) 

𝑹𝒊 

𝑅1  

𝑅3  

𝑅5  

𝑅𝑑  

𝑅𝐿  

ac small signal equivalent circuit

𝑅1\\𝑅2  

DC

+

-

𝑽𝒐(𝒕) 

𝑟𝑑𝑠  

+

-

𝑔𝑚𝑣𝑔𝑠  

s

g d

𝑍𝑖𝑛  

𝑅3  

𝑹𝒊 

𝑅𝑑\\𝑅𝐿  

𝑽𝒊(𝒕) 
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𝑍𝑖= 𝑅3 +𝑅1 \\ 𝑅2

DC

+

-

+

-s

g d

DC

DC

𝑹𝒔  

DC

𝑹𝒅  

𝒗𝟏  

𝒗𝟐  

𝒗𝟑  

𝒗𝒈  

g
d

s

DC 𝑟𝑑𝑠  

+

-

𝑔𝑚𝑣𝑔𝑠  

s

g d

𝒗𝒈  

𝑹𝒔  

DC

DC

𝒗𝟑  

𝑹𝒅  

𝒗𝟐  

Impedance Reflection

ac small signal equivalent circuit 
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Impedance Reflection

RS

AC

V1

AC

V2

AC

V3

RDRG DG

rds
-

+)........(1..........0

 loop source-drain for the KVL

23  VVRiriRiV gsSDdsDDD m

   0223  VVRiVRiriRiV SDgSDdsDDD m

 

:yields (1)in  (2) ngsubstituti

)2.........(....................2VRiVVVV

but

SDgSggs 

   

   11

011

0

23

23

223







mmm

mmm

mmm

VVVRiriRi

VVRiriRiV

VVRiVRiriRiV

gSDdsDDD

gSDdsDDD

SDgSDdsDDD

  
 

 

equationcircuit  Equivalentdrain   theis (3)

)3(....................
1

1

0

23

223








m

mm

m

SdsD

g

D

SDgSDdsDDD

RrR

VVV
i

VVRiVRiriRiV

RS(m+1)

AC

V1

AC

AC

V3

RDRG DG

rds
-

+

+

-

Vg

-

Vgs

V2(m+1)

 

 1

1

Drain  toSource from Reflection

22






m

m

mm

VV

RR

VV

SS

ggs

RS

AC

V1

AC

V2

AC

V3

RDRG DG

rds
-

+

+

-

Vg

-

Vgs

 

 

equationcircuit  Equivalentdrain   theis (3)

)3(....................
1

1
23






m

mm

SdsD

g

D
RrR

VVV
i
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RS

AC

V1

AC

AC

RG DG

-

+

+

-

Vg

-

Vgs

V2

 

 

 1

1

1

 Source Drain to Reflection










m

m

m

m
m

ds

ds

D

D

g

gs

r
r

R
R

V
V

RS

AC

V1

AC

V2

AC

V3

RDRG DG

rds
-

+

+

-

Vg

-

Vgs

 

   

   
equationcircuit  equivalent source  theis (4)

)4(....................

1μ1μ

1μ1μ

1μby  (3) eq. divide

2
3

S
dsD

g

D

R
rR

V
VV

i

















m

 1μ 

g
Vm

 1μ 
D

R

 1μ 
ds

r

 1μ
3



V

 1

3

3




m

v
v

Example: Phase Splitting circuit

•Two outputs:
Vo1 from drain

Vo2 from source

Vo1

C1

R1

100k

+

-

C3

VDD

Zo1
RD

5k

Vi

Ri

10k

Zi

R2

30 k

Rs

+

-

C2
Zo2

Vo2

mS 1g

k 100r

m

ds



W

IO2O1IV  Zand Z,Z,A,A Find
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Solution: ac ss equivalent circuit

Vo1

+

 

RS

AC

Vi

RD

Ri DG

rds
Rth

=R1//R2

Zo1

Zo2

Vo2

-

+

-

drain  thefromseen  are quantities  theseofboth  since

 required iscircuit  equivalentDrain   V, ZFind To 1) O1O1

Vo1

+

 AC

Vi

RD

Ri G

Rth
=R1//R2

Zo1

-

RS(m+1)

D

rds
-

+

 
g

SdsD

D

o
V

RrR

R
V m

m





)1(
1 ith

th

ig
RR

R
VV




 
ith

th

SdsD

D

i

o

RR

R

RrR

R

V

V
Av


 .

)1(

1

m
m

+

 RD

-

RS(m+1)

D

rds
-

+

0Vg
0ViO1Z Find To 2)




 )1(//Z
0Vg
0ViO1 


 msdsD RrR

+

 RD

-

RS(m+1)

D

rds
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Solution: continued

source  thefromseen  are quantities  theseofboth  since

 required iscircuit  equivalent Source  V, ZFind To 3) O2O2

ith

th

ig

g

S

dsD

S

o

RR

R
VV

V

R
rR

R
V





















)1(

)1(

|

2
m

m

m

+

 

-

s

-

+
 

 

 1

1

1

 Source Drain to Reflection










m

m

m

m
m

ds
ds

D
D

g

gs

r
r

R
R

V
V

 1m

m gV
 1m

DR

 1m
dsr

SR

+
 

-

RS

- +

+

-

RS

-

+

ith

th

S

dsD

S

i

o

v
RR

R

R
rR

R

V

V
A







 .

)1(

)1(

|2

2

m

m

m

Solution: continued
0Vg
0ViO2Z Find To 4)





















)1(
//Z

0Vg
0ViO2

m
Dds

S

Rr
R

RS

m

S
r g

R
ds

1
//Z

0Vg
0Vi

O2 




21i //Z RRRth 

If 𝒓𝑑𝒔 = ∞

𝑅𝑑+𝒓𝑑𝒔

𝜇+1
=
𝑅𝑑+𝒓𝑑𝒔

𝑔𝑚𝒓𝑑𝒔+1

lim
𝒓𝑑𝒔∞

𝑅𝑑+𝒓𝑑𝒔

𝑔𝑚𝒓𝑑𝒔+1
= 

1

𝑔𝑚
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Common Gate Amplifier
C1

Vo

Vi

Ri

10k

Zi

Rs

10 k

C2

Zo

VDD

+

-

R1

50 k
R2

100 k

RD

100 k

C1

Vo

Vi

Ri

10k

Zi

Rs

10 k

C2

Zo

VDD  0

+

-

R1

50 k
R2

100 k

RD

100 k

rds

G

gmvgs

C1

Vo
Vi

Ri

10k

Zi

Rs

10 k

Zo

+

-

RD

100 k

rds

G

gmvgs

Drain Equivalent circuit to find Vo and Zo

C1

Vo
Vi(m1

Ri(m1

Zi

Rs(m1

Zo

+

-

RD

100 k

rds

G

mVg0

+ -

Vo
Vi(m1

Ri(m1

Rs(m1

Zo

+

-

RD

100 k

rds

G

Vo
Vi(m1

Ri(m1

Rs(m1

Zo

+

-

RD

100 k

rds

Thevenin’s

EC

VoVi(m1/2

Ri(m1/2
Zo

+

-

RD

100 k

rds

 








 











 




2

)1(

)1(5

2

)1(

)1(//

m

m

m

m

krR

R

V

V
Av

V
RRrR

R
V

dsD

D

i

o

i

iSdsD

D
o
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• Drain Equivalent circuit to find Vo and Zo

Vo

Ri(m1/2
Zo

+

-

RD

100 k

rds








 


 2

)1(
//Z

0ViO

mi
dsD

R
rR

ENEE236

• To find Zi source equivalent circuit is needed

Vi

Ri

Zi

Rs

RD

(m1

rds

(m1















)1(
//Zi

m
Dds

S

Rr
R

m

S
r g

R
ds

1
//Zi 


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FET Amplifier Design (Important)

VDD

+30V

RD

??

RG

10 MW

D

S
Vo

C1
+

-

C2

Vi

Zi

Zo

W





k 50r

mA 10I

V 4V

ds

DSS

P

DR of  valuefind i.e. ,  10Avgain  voltage

 ac thesuch that network  bias fixed aDesign •



Solution

 
Sm 5

4

0
1

4

10mA2

V

V
1

V

2I
g

 JFETsFor 

P

GS

P

DSS
m


























P

DSS
m

V

I
g

2
0 

mAIII

VVVV

DSSDSSD

SGGS

10
4

0
1

0

2















rds

)(

)(

)(

Ddsm

i

o
v

Ddsimo

Ddsgsmo

i

o
v

igs

||Rrg
V

V
A

||RrVgV

||RrVgV

V

V
A

VV









 10)(

 then,known  are gm & Av Since


Ddsm

i

o

v
||Rrg

V

V
A

W k 50r Substitute
ds

ac ss equivalent circuit

kΩ 2
mS 5

1010
)( 

m

Dds
g

||Rr

kΩ 2.08
k 48

k 50 .  kΩ 2

kΩ 2
k 50

.k 50.
)( 


W

W



W

W





D

D

D

Dds

Dds

Dds

R

R

R

Rr

Rr
||Rr
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Design Example 2 (Important)

W





k 50r

mA 10I

V 4V

ds

DSS

P

pGSQm

SD

V
4

1
Vat  defined g of  value theusing  8Avgain  voltage

inresult    that willR and R of  values theChoose



VDD

+20V

RD

??

RG

10 MW

D

S

C1
+

-

C2

Vi

Zi

Zo

RS

  Cs

Solution (value of RD?)

 
Sm 75.3

4

1-
1

4

10mA2

V

V
1

V

2I
g

P

GS

P

DSS
m


























P

DSS
m

V

I
g

2
0 

rds

)(

)(

)(

Ddsm

i

o
v

Ddsimo

Ddsgsmo

i

o
v

igs

||Rrg
V

V
A

||RrVgV

||RrVgV

V

V
A

VV











kΩ 2.133
mS 3.75

88
)(

8)(

 then,known  are gm & Av Since





m

Dds

Ddsm

i

o
v

g
||Rr

||Rrg
V

V
A

kΩ 2.22
k 867.47

k 50 .  kΩ 2.133

kΩ 2.133
k 50

.k 50.
)( 

k 50r Substitute ds


W

W



W

W





W

D

D

D

Dds

Dds
Dds

R

R

R

Rr

Rr
||Rr

ac ss equivalent circuit
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Value of Rs?
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Design Example 3
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Note: This is the same previous 
example except that no Cs (source 
capacitor)
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Solution
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Drain Feedback Configuration (self study)
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