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Announcements  
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1)  HW5 due Monday, Feb 18 5:00 PM in 
EE-209 Dropbox 

2)  Exam 1 can be picked up from Mary 
Ann Satterfield in MSEE 140 

Lundstrom: 2019 



Outline 
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1)  DC MOSFET Circuit Analysis 
2)  DC MOSFET Circuit Design 
3)  Examples 

Lundstrom: 2019 



IV Summary (enhancement mode) 
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ID =

′kn

2
W
L

VGS −Vtn( )2

  Vtn > 0 V

 VDSsat =VGS −Vtn VDS >VDSsat

  
ID =

′kn

2
W
L

VGS −Vtn( )2
1+ λVDS( )

N-channel saturation P-channel saturation 

  
ID =

′kp

2
W
L

VSG − Vtp( )2

  
Vtp < 0 V

 
VSDsat =VSG − Vtp VSD >VSDsat

  
ID =

′kp

2
W
L

VSG − Vtp( )2
1+ λVSD( )

 VGS >Vtn  
VSG > Vtp



MOSFET circuit analysis 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?

  
ID =

′kn

2
W
L

VGS −Vtn( )2

Transistor model: 

  

′kn

2
W
L
= 1mA/V2

  Vtn = 1.0 V

  ID = 1 VGS −1.0( )2

  VGS = ?

Lundstrom: 2019 



MOSFET circuit analysis (ii) 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?   ID = 1 VGS −1.0( )2

  VGS = ?

 VGS =VG −VS

  VS = −5+ ID RS

  VGS = 5− ID RS

  ID = 5− ID RS −1.0( )2

Lundstrom: 2019 



MOSFET circuit analysis (iii) 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?
  ID = 5− ID RS −1.0( )2

  ID = 4− ID RS( )2
= 16−8ID RS + ID

2 RS
2

  ID
2 RS

2 −8ID RS − ID +16 = 0

  16ID
2 − 33ID +16 = 0

  ID
2 − 2.06ID +1= 0

  
ID =

2.06 ± 2.06( )2
− 4

2
= 1.28 / 0.76

Lundstrom: 2019 



MOSFET circuit analysis (iv) 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?
  ID = 1.28 mA Does not work. 



MOSFET circuit analysis (iv) 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?   ID = 0.76 mA

  VD = 5− ID RD = 2.3 V

  VGS = −VS = 1.96 V >Vtn

  VDS =VD −VS = 4.26 V

  VDSsat =VGS −Vtn = 0.96 V

✓ 

✓ 

  VS = −5+ ID RS = −1.96 V

 VDS >VDSsat



MOSFET circuit design 
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+
VDS = 3.0 V
−

+5 V

−5 V

  RS = ? kΩ

  RD = ? kΩID = 0.5 mA

  
ID =

′kn

2
W
L

VGS −Vtn( )2

Transistor model: 

  

′kn

2
W
L
= 1mA/V2

  Vtn = 1.0 V

  ID = 1 VGS −1.0( )2
= 0.5

  VGS = 1.707
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MOSFET circuit design (ii) 
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+
VDS = 3.0 V
−

+5 V

−5 V

  RS = ? kΩ

  RD = ? kΩID = 0.5 mA

  VGS = 1.707

  VGS =VG −VS = 1.707

  VS = −1.707 = −5+ ID RS

  RS = 6.6 kΩ

  VDS =VD −VS =VD +1.707 = 3.0

  VD = 1.29 = 5− 0.5RD

  RD = 7.4 kΩ

✓ 

✓ 



Outline 
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1)  DC MOSFET Circuit Analysis 
2)  DC MOSFET Circuit Design 
3)  Examples 

Lundstrom: 2019 



MOSFET circuit design 
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+
VDS = 3.0 V
−

+5 V

−5 V

  RS = ? kΩ

  RD = ? kΩID = 0.5 mA

  
ID =

′kn

2
W
L

VGS −Vtn( )2

Transistor model: 

  

′kn

2
W
L
= 1mA/V2

  Vtn = 1.0 V

Lundstrom: 2019 

Select the resistors to 
produce a given ID 
and VDS 



MOSFET DC model 
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+
VDS
−+

VGS
−

S 

D 

14 

G 
+
VGS
−

  
ID =

′kn

2
W
L

VGS −Vtn( )2

S 

D 

G 



P-MOSFET circuit design 
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+
VSD = 3.0 V
−

+5 V

−5 V

  RD = ? kΩ

  RS = ? kΩ

ID = 0.5 mA

  
ID =

′kp

2
W
L

VSG − Vtp( )2

Transistor model: 

  

′kp

2
W
L
= 1mA/V2

  
Vtp = −1.0 V

Lundstrom: 2019 

  ID = 1 VSG −1.0( )2
= 0.5

  VSG = 1.707



P-MOSFET circuit design (ii) 
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+
VSD = 3.0 V
−

+5 V

−5 V

  RD = ? kΩ

  RS = ? kΩ

ID = 0.5 mA

  VSG = 1.707

  VSG =VS −VG = 1.707

  VS = 5− ID RS = 1.707

  RS = 6.6 kΩ

  VSD =VS −VD = 1.707 −VD = 3.0

  VD = −1.29 = −5+ 0.5RD

  RD = 7.4 kΩ

✓ 

✓ 



MOSFET circuit analysis 
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+
VDS = ?
−

+5 V

−5 V

  RS = 4 kΩ

  RD = 3.5 kΩID = ?

  
ID =

′kn

2
W
L

VGS −Vtn( )2

Transistor model: 

  

′kn

2
W
L
= 1mA/V2

  Vtn = 1.0 V

Lundstrom: 2019 

Given a transistor and a 
circuit, find ID and VDS 



P-MOSFET circuit analysis 
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+
VSD = ?
−

+5 V

−5 V

  RD = 3.5 kΩ

  RS = 4 kΩ

ID = ?

  
ID =

′kp

2
W
L

VSG − Vtp( )2

Transistor model: 

  

′kp

2
W
L
= 1mA/V2

  
Vtp = −1.0 V

  ID = 1 VSG −1.0( )2

  VSG = 5− ID RS

Lundstrom: 2019 



P-MOSFET circuit analysis 
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  ID = 1 VSG −1.0( )2

  VSG = 5− ID RS

  ID = 5− ID RS −1.0( )2

  ID
2 − 2.06ID +1= 0

  ID = 1.28 or 0.76

  
ID =  0.76

  ID = 5−VSG( ) RS = 5−VSG( ) 4

  4VSG
2 − 7VSG −1= 0

  VSG = 1.88 or − 0.13

  VSG = 1.88

  
ID =  0.77



Examples 
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To really learn this, we need to work out a lot of 
examples.  



Example 1a: analysis 
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VCC = +5 V

  RC = 4.3kΩ

 β = 75

VBE = 0.7 V

1) Operating region? 

  
IR = 5− 0.7

RC

= 4.3
4.3

= 1.0 mA

 IC + IB = IR

  
IC = IR

β
β +1

= 1.0 75
76

= 0.99 mA
 

+
VBE

−

We can guess this voltage 



Example 1b: analysis 

22 

VDD = +5 V

  RD = 4.3kΩ

1) Operating region? 

 VGS =VD

 VDS =VD

 VDS >VGS −Vtn

 

+
VGS

−
Saturation 

  
ID =

′kn

2
W
L

VGS −Vtn( )2



Example 1b: analysis 
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VDD = +5 V

  RD = 4.3kΩ

 

+
VGS

−

VDS

IC

“saturation” 

 VDS > VGS −Vtn( )

 VGS >Vtn

VGS −Vt

 VDS = VGS −Vtn( )



Example 1b: analysis 
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VDD = +5 V

  RD = 4.3kΩ

  ID = 0.1 VGS −1( )2

  ID = 0.1 VGS −1( )2

  VGS = 5− ID RD = 5− 4.3ID

  ID
2 − 2.86ID +1.35= 0

 

+
VGS

−

We can’t guess this voltage 

  ID = 2.26 or 0.60

  
ID = 0.60



Practice 
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VDD = 3.3V

  RD = 10kΩ

 

+
VGS

−

  RG = 100kΩ
  
ID =

′kn

2
W
L

VGS − Vtn( )2

Transistor model: 

  kn = 260 µA/V2
  Vtn = 1.0 V

  
ID =

kn

2
VGS − Vtn( )2

Show that: 

  ID = 0.13 mA

  VDS = 2.0 V



Example 2a: design 
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VCC = +5 V

  RC = ?

 β = 75

VBE = 0.7 V

Design for: 

  
IR = IC

β +1
β

  IC = 0.5 mA

  
IR = 0.576

75
= 5− 0.7

RC

  RC = 8.49kΩ



Example 2b: design 
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VDD = +5 V

  RD = ?kΩ

  
ID =

′kn

2
W
L

VGS −Vtn( )2

  ID = 0.1 VGS −1( )2

  ID = 0.1 VGS −1( )2

Design for:   ID = 0.5 mA

  0.5= 0.1 VGS −1( )2

  VGS = 3.24 V

  VGS =VD = 3.24 V

  
RD = 5− 3.24

0.5
= 3.53 kΩ



Example 3: design (i) 
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VDD = +5 V

  RS = ? kΩ

  
ID =

′kp

2
W
L

VSG − Vtp( )2

  ID = 0.1 VSG −1( )2

Design for:   ID = 0.5 mA

1) Operating region? 

  VDS >VGS −Vtn ?

  
VSD >VSG − Vtp ?

saturation 



Example 3: design (ii) 

29 

VDD = +5 V

  RS = ? kΩ

  
ID =

′kp

2
W
L

VSG − Vtp( )2

  ID = 0.1 VSG −1( )2

  ID = 0.1 VSG −1( )2

Design for:   ID = 0.5 mA

  0.5= 0.1 VSG −1( )2

  VSG = 3.24 V

  VSG =VS = 3.24 V

  
RD = 5− 3.24

0.5
= 3.53 kΩ



Example 4 
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+5 V

  RD = 2 kΩ

  ID = 0.1 VSG −1( )2

  I = 1.0 mA

−5 V

  VS = ?

  VD = −5+ ID RD = −5+1× 2 = −3 V

  VD = ?

  1= 0.1 VSG −1( )2

  VSG =VS = 4.16 V

 VS =VSG



Example 5 

31 

+5 V

  ID = 0.1 VGSn −1( )2

 VDSn =VD

1) Operating region? 

  VD = ?

 VGSn =VD

 VDSn > VGSn −Vtn( )  
ID = 0.1 VSGp −1( )2

 

+
VGSp

−

 

+
VSGn

−

  
VSDp = 5−VD   

VSGp = 5−VD

 
VSDp > VSGp − Vtp( )

saturation 



Example 5 
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+5 V

  ID = 0.1 VGSn −1( )2

  VD = ?

  
ID = 0.1 VSGp −1( )2

 

+
VGSn

−

 

+
VSGp

−  
VGSn =VSGp

  
VGSn +VSGp = 5

  VD = 2.5

  ID = 0.1 2.5−1( )2
= 0.225 mA

Why? 



Example 6: Analysis 
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VDD = 10 V

  RD = 100 k
  

RG1

700 k

  

RG2

300 k

  
ID =

′kn

2
W
L

VGS − Vtn( )2

Transistor model: 

  kn = 25 µA/V2
  Vtn = 1.0 V

  
ID =

kn

2
VGS − Vtn( )2

  
ID = 0.025

2
VGS −1( )2

mA   VGS = 3

  ID = 0.05 mA

  VDS = 5 V >VGD -Vtn



Summary 
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1)  DC MOSFET analysis often involves 
solving a quadratic equation and 
throwing away the unphysical solution. 

2)  DC MOSFET design is easier. 

Lundstrom: 2019 



DC MOSFET Circuits 
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1)  DC MOSFET Circuit Analysis 
2)  DC MOSFET Circuit Design 
3)  Examples 


