
TSTE86 Homework 1: Solution 
 
For this circuit, we have VGS = Vin and VDS = Vout = VDD – RID. Further, VSB = 0 ⇒ VT = VT0, 
and λ = 0 ⇒ current can be written 
 

 
Vin ≤VT0 ⇒ ID = 0  →  cutoff

 

 

Vin >VT0 ⇒ ID = k 'W
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where Vmin = min Vin −VT0,  VDD − RID,  VDSAT( )  →  saturated, resistive, velocity sat.
 

 

1. Vin = 0 V 
 

Vin ≤VT0 ⇒ ID = 0⇒Vout =VDD  
 MOSFET is cutoff, ID = 0, and Vout = 2.5 V 
 

2. Vin = 0.5 V 
 Vin >VT0 ⇒ guess MOSFET is saturated ⇒Vmin =Vin −VT0 = 0.07 V  

 
ID = k 'W

L
Vin −VT0( )
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= 0.85 µA

 

 
Vout =VDD − RID = 2.49 V

 

 
Check mode: Vmin = min 0.07,  2.49,  0.63( )  V →  saturated is correct

 
 MOSFET is saturated, ID = 0.85 µA, and Vout = 2.49 V 
 

3. Vin = 1.0 V 
 Vin >VT0 ⇒ guess MOSFET is saturated ⇒Vmin =Vin −VT0 = 0.57 V  

 
ID = k 'W

L
Vin −VT0( )
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= 56 µA

 

 
Vout =VDD − RID =1.88 V

 

 
Check mode: Vmin = min 0.57,  1.88,  0.63( )  V →  saturated is correct

 
 MOSFET is saturated, ID = 56 µA, and Vout = 1.88 V 
 

4. Vin = 1.5 V 
 Vin >VT0 ⇒ guess MOSFET is saturated ⇒Vmin =Vin −VT0 =1.07 V  

 
ID = k 'W

L
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=198 µA

 

 
Check mode: Vmin = min 1.07,  0.32,  0.63( )  V →  saturated is incorrect

 

 
Reguess MOSFET is velocity saturated ⇒Vmin =VDSAT = 0.63 V

 

 ID = k 'W
L
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Vout =VDD − RID = 0.69 V
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Check mode: Vmin = min 1.07,  0.69,  0.63( )  V →  velocity saturated is correct

 
 MOSFET is velocity saturated, ID = 164 µA, and Vout = 0.69 V 
 

5. Vin = 2.0 V 
 

Vin >VT0 ⇒ guess MOSFET is velocity saturated ⇒Vmin =VDSAT = 0.63 V
 

 

ID = k 'W
L
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Vout =VDD − RID = −0.50 V →  unrealistic voltage

 

 

Reguess MOSFET is resistive⇒Vmin =Vout ⇒ ID = k 'W
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Vout =VDD − RID =VDD − Rk 'W
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⇒ ID =191 µA

 

 
Check mode: Vmin = min 1.57,  0.40,  0.63( )  V →  resistive is correct

 
 MOSFET is resistive, ID = 191 µA, and Vout = 0.40 V 
 

6. Vin = 2.5 V 
 

Vin >VT0 ⇒ guess MOSFET is resistive⇒Vmin =Vout ⇒  
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Check mode: Vmin = min 2.07,  0.30,  0.63( )  V →  resistive is correct

 
 MOSFET is resistive and, ID = 200 µA, and Vout = 0.30 V 
 

Plot Vout(Vin) 
 


