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Tutorial 6 – Answers 

 

Question 1 

For the DC analysis, we need to consider the circuit depicted below. We assume that the NMOS 

transistor is in the saturation mode (to be checked later). 

 

 

 

 

 

 

 

 

 

 

 

 

Due to the voltage divider formed by R1 and R2, we can show that the gate voltage VG (with 

respect to ground) is given by 
DD

21

2
G V

RR

R
V




 

= 1 V. Then, we can write 0DS0GSG IRVV  . 

 

Since we also have  2TN0GS
n

0D VV
2

k
I  , the voltage VGS0 is computed by solving the following 

quadratic equation:  2TN0GS
nS

0GSG VV
2

kR
VV  , which can be written as    

     0VV
2

kR
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2
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




 . 

 

Solving this equation leads to 

R1 = 5 M 

R2 = 1 M 

RD = 3 k 

RS = 1 k 

VDD = 6 V 

GND 
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 
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TNGnSTNnS
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VVkR211VkR
V
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  = 0.75 V, 
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= 250 A. 

 

Since VGS0 > VTN, the NMOS transistor is either in the linear mode or the saturation mode.  

 

Finally, we can compute the value of the DC voltage VDS0 as   0DSDDD0DS IRRVV   = 5 V. Since 

VDS0 > VGS0 – VTN, we conclude that our assumption was right and the NMOS transistor is indeed 

in the saturation mode. 

 

The DC analysis also allows us to determine the transconductance of the NMOS transistor: 

 
 

S

TNGnS
TN0GSnm

R

VVkR211
VVkg


  = 2 mS. 

 

As for the AC analysis, the small-signal model of our common-source amplifier with negative 

feedback is depicted below. 

 

 

 

 

 

 

 

 

The resistance R12 is given by 
21

21
12

RR

RR
R


   833 k. 

R12 RD 

+ 

vin(t) 

gmvgs 

GND 

- 

vout(t) 

RS 

vgs 
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We can show that   gsmDout vgRtv  . 

In addition, we can write     gsmSgsmsgsin vgR1vgRvtv  . 

The small-signal voltage gain of the common-source amplifier with negative feedback is thus 

given by 

 
  mS

mD

in

out
v

gR1

gR

tv

tv
A


  = -2. 

 

The small-signal input resistance is given by 12in Rr 

 

 833 k. This is a very large value. 

 

The small-signal output resistance is given by Dout Rr   = 3 k. This result comes from the fact 

that, in the circuit depicted below, gsmSgs vgRv  , which is possible only if 0vgs  . 

 

 

 

 

 

 

Question 2 

For the DC analysis, we need to consider the circuit depicted below. We assume that the NMOS 

transistor is in the saturation mode (to be checked later). 

 

 

 

 

R12 RD 

gmvgs 

GND 

Itest 

RS 

+ 

Vtest 

- 

vgs 
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Due to the voltage divider formed by R1 and R2, we can show that the gate voltage VG (with 

respect to ground) is given by 
DD

21

2
G V

RR

R
V




 

= 2 V. Then, we can write 0DS0GSG IRVV  . 

 

Since we also have  2TN0GS
n

0D VV
2

k
I  , the voltage VGS0 is computed by solving the following 

quadratic equation:  2TN0GS
nS

0GSG VV
2

kR
VV  , which can be written as    

     0VV
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 . 

 

Solving this equation leads to 

 
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kR

VVkR211
VV


   0.30 V, 

 and 
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

 

 352 A. 

 

Since VGS0 > VTN, the NMOS transistor is either in the linear mode or the saturation mode.  

R1 = 8 M 

R2 = 2 M RS = 2 k 

VDD = 10 V 

GND 
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Finally, we can compute the value of the DC voltage VDS0 as 0DsDD0DS IRVV    9.3 V. Since 

VDS0 > VGS0 – VTN, we conclude that our assumption was right and the NMOS transistor is indeed 

in the saturation mode. 

 

The DC analysis also allows us to determine the transconductance of the NMOS transistor: 

 
 

S

TNGnS
TN0GSnm

R

VVkR211
VVkg


   2.4 mS. 

 

As for the AC analysis, the small-signal model of our common-drain amplifier is depicted below. 

 

 

 

 

 

 

 

 

 

The resistance R12 is given by 
21

21
12

RR

RR
R


  = 1.6 M. 

We can show that   gsSmout vRgtv  . 

In addition, we can write:     gsSmgsSmgsin vRg1vRgvtv  . 

The small-signal voltage gain of the common-drain amplifier is thus given by 

     
 
  Sm

Sm

in

out
v

Rg1

Rg

tv

tv
A


   0.83. 
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The small-signal voltage gain of common-drain amplifiers is always smaller than the unit, which 

seems to make these circuits of little use at first sight. 

 

The small-signal input resistance is given by 
 
  12

in

in
in R

ti

tv
r 

 

= 1.6 M. This is a very large input 

resistance. 

  

 

 

 

 

 

 

 

 

 

The small-signal output resistance is given by
   0tvI

V
r

intest

test
out


 . 

 

 

 

 

 

 

 

 

We can write: testSgsSmgs IRvRgv  , which leads to test
Sm

S
gs I

Rg1

R
v


 . In addition, we have 

gstest vV  . 

R12 
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vin(t) 

gmvgs 

GND 
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vout(t) RS 

iin(t) 
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RS 
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+ 

Vtest 

- 



School of EEE @ Newcastle University 
----------------------------------------------------------------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------------------ ----------------------------------------- 
EE1002/EEE1010 - Electronics I – Analogue Electronics – Tutorial 6 Answers            7 

By combining both equations, we obtain 
Sm

S
out

Rg1

R
r


   345 . 

Due to their high input resistance and (relatively) low output resistance (which are both very 

attractive features for voltage amplifiers), common-drain amplifiers can be used as the output 

stage of more complex circuits. However, note that a much lower output resistance can generally 

be obtained with a common-collector bipolar amplifier than with a common-drain MOS amplifier. 

 

 


