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Problem 5.4 

An NMOS transistor that is operated with a small vDS is found to exhibit a resistance 

rDS. By what factor will rDS change in each of the following situations? 

 

Using the formula for the drain current for a small 𝑣𝐷𝑆. 

𝑖𝐷 =  [(𝜇𝑛𝐶𝑜𝑥) (
𝑊

𝐿
) (𝑣𝑂𝑉)] 𝑣𝐷𝑆 

 

We can obtain 𝑟𝐷𝑆 =
𝑣𝐷𝑆

𝑖𝐷
 

𝑟𝐷𝑆 =
1

(𝜇𝑛𝐶𝑜𝑥) (
𝑊
𝐿

) (𝑣𝑂𝑉)
 

 

a) 𝒗𝑶𝑽 is doubled. 

𝑟𝐷𝑆
′ =

1

(𝜇𝑛𝐶𝑜𝑥) (
𝑊
𝐿

) (2𝑣𝑂𝑉)
 

𝑟𝐷𝑆
′ =

𝑟𝐷𝑆

2
 

The resistance is reduced by half when 𝑣𝑂𝑉 is doubled. 

 

b) The device is replaced with another fabricated in the same technology but with 

double the width. 

𝑟𝐷𝑆
′ =

1

(𝜇𝑛𝐶𝑜𝑥) (
2𝑊

𝐿
) (𝑣𝑂𝑉)

 

𝑟𝐷𝑆
′ =

𝑟𝐷𝑆

2
 

The resistance is reduced by half when the width W is doubled. 
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c) The device is replaced with another fabricated in the same technology but with 

both the width and length doubled. 

 

𝑟𝐷𝑆
′ =

1

(𝜇𝑛𝐶𝑜𝑥) (
2𝑊
2𝐿

) (𝑣𝑂𝑉)
 

𝑟𝐷𝑆
′ = 𝑟𝐷𝑆 

The resistance remains the same when the width W the length L are doubled. 

 

d) The device is replaced with another fabricated in a more advanced technology 

for which the oxide thickness is halved and similarly for W and L (assume 𝝁𝒏 

remains unchanged). 

𝐶𝑜𝑥 =
𝜀𝑜𝑥

𝑡𝑜𝑥
 

𝑟𝐷𝑆
′ =

1

(𝜇𝑛
𝜀𝑜𝑥
𝑡𝑜𝑥
2

) (

𝑊
2
𝐿
2

) (𝑣𝑂𝑉)

 

𝑟𝐷𝑆
′ =

𝑟𝐷𝑆

2
 

The resistance is reduced by half when the oxide thickness 𝑡𝑜𝑥, width W and length L 

are halved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 5.7 

An n-channel MOS device in a technology for which oxide thickness is 4 nm, 

minimum channel length is 0.18 μm, 𝑲𝒏
′ = 𝟒𝟎𝟎 𝝁𝑨 𝑽𝟐⁄ , and Vt =0.5 V operates in the 

triode region, with small vDS and with the gate–source voltage in the range 0V to 

+1.8V. What device width is needed to ensure that the minimum available 

resistance is 1 kΩ? 

 

Using the formula for the drain current for a small 𝑣𝐷𝑆. 

𝑖𝐷 =  [(𝜇𝑛𝐶𝑜𝑥) (
𝑊

𝐿
) (𝑣𝑂𝑉)] 𝑣𝐷𝑆 

 

We can obtain 𝑟𝐷𝑆 =
𝑣𝐷𝑆

𝑖𝐷
 

𝑟𝐷𝑆 =
1

(𝑘𝑛
′) (

𝑊
𝐿

) (𝑣𝐺𝑆 − 𝑉𝑡)
 

 

Substituting the values into the equation (check the units). 

1000Ω =
1

(400𝑥10−6) (
𝑊

0.18𝑥10−6) (1.8 − 0.5)
 

 
Solving for W 

𝑊 =
1

(400𝑥10−6) (
1000

0.18𝑥10−6) (1.8 − 0.5)
 

𝑊 = 0.346 𝜇𝑚 

 

 

 

 

 

 



Problem 5.25 

For the circuit in Fig. P5.25, sketch iD versus vS for vS varying from 0 to VDD. Clearly 

label your sketch. 

𝑉𝐺𝐷 = 0 𝑉  

𝑉𝐺𝑆 = 𝑉𝐷𝐷 − 𝑣𝑆 

For 𝑉𝐺𝐷 < 𝑉𝑡ℎ the transistor is in saturation 

The drain current iD is: 

𝑖𝐷 =
1

2
𝑘𝑛(𝑣𝐺𝑆 − 𝑉𝑡)2 

Substituting 𝑉𝐺𝑆 = 𝑉𝐷𝐷 − 𝑣𝑆 

𝑖𝐷 =
1

2
𝑘𝑛(𝑉𝐷𝐷 − 𝑣𝑆 − 𝑉𝑡)2 

𝑖𝐷 =
1

2
𝑘𝑛[(𝑉𝐷𝐷 − 𝑉𝑡)2 − 2𝑣𝑆(𝑉𝐷𝐷 − 𝑉𝑡) +  𝑣𝑆

2] 

For 𝑉𝐺𝑆 < 𝑉𝑡ℎ the transistor is in cut-off region 

Substituting 𝑉𝐺𝑆 = 𝑉𝐷𝐷 − 𝑣𝑆 

𝑉𝐷𝐷 − 𝑣𝑆 < 𝑉𝑡 

𝑣𝑆 > 𝑉𝐷𝐷 − 𝑉𝑡 

For 𝑣𝑆 > 𝑉𝐷𝐷 − 𝑉𝑡 the drain current is zero, so we only need to plot in the region: 

0 ≤ 𝑣𝑆 ≤ 𝑉𝐷𝐷 − 𝑉𝑡 

When 𝑣𝑆 = 0 , 𝑖𝐷 is: 

𝑖𝐷 =
1

2
𝑘𝑛[(𝑉𝐷𝐷 − 𝑉𝑡)2 − 2(0)(𝑉𝐷𝐷 − 𝑉𝑡) + 02] 

𝑖𝐷 =
1

2
𝑘𝑛(𝑉𝐷𝐷 − 𝑉𝑡)2 

 

 

 

 



 

Plot ID vs. Vs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 5.32 

In a particular IC design in which the standard channel length is 1 μm, an NMOS 

device with W/L of 10 operating at 200 μA is found to have an output resistance of 

100 kΩ, about 𝟏 𝟓⁄  of that needed. What dimensional change can be made to solve 

the problem? What is the new device length? The new device width? The new W/L 

ratio? What is VA for the standard device in this IC? The new device? 

 

Using the device parameter 𝑉𝐴 

𝑉𝐴 =  𝑉𝐴
′𝐿 

And 𝑟𝑜 

𝑟𝑜 =  
𝑉𝐴

𝐼𝐷
′ =

𝑉𝐴
′𝐿

𝐼𝐷
′  

To obtain the output resistance needed that is 500 kΩ (100x5) we need to increase the 

channel length L 5 times, so the new channel length will be 5 μm. 

 

Also to keep the operating current unchanged, the ratio (
𝑊

𝐿
) has to be constant and 

therefore the with W will be 50 μm. With this value of W, we assure that the ratio is the 

same.  

 

𝑉𝐴 for the standard device is: 

𝑉𝐴 =  𝑟𝑜𝐼𝐷
′ =  (100𝑘Ω)(200𝜇𝐴) = 20 𝑉  

 

𝑉𝐴 for the new device is: 

𝑉𝐴 =  5𝑟𝑜𝐼𝐷
′ =  (500𝑘Ω)(200𝜇𝐴) = 100 𝑉 

 

 

 

 

 



Problem 5.45 

The NMOS transistor in the circuit of Fig. P5.44 has Vt = 0.4 V and kn = 4 mA/V2. The 

voltages at the source and the drain are measured and found to be −0.6 V and +0.2 

V, respectively. What current ID is flowing, and what must the values of RD and RS 

be? What is the largest value for RD for which ID remains unchanged from the value 

found? 

VG = 0 V 

Vt = 0.4 V 

vs = -0.6 V 

vd = 0.2 V 

Reading the values from the circuit. 

𝑣𝐷𝑆 = 0.8 𝑉 

𝑣𝐺𝑆 = 0.6 𝑉 

Checking that the transistor is operating in saturation mode. 

𝑣𝐷𝑆 > (𝑣𝐺𝑆 − 𝑉𝑡) 

0.8 > (0.6 − 0.4) 

The NMOS is indeed in saturation mode. 

The drain current for the NMOS in saturation mode is: 

𝑖𝐷 =
1

2
𝑘𝑛(𝑣𝐺𝑆 − 𝑉𝑡)2 

𝑖𝐷 =
1

2
4 𝑚𝐴

𝑉2⁄ (0.6 − 0.4)2 

𝑖𝐷 = 0.08 𝑚𝐴 

Determining 𝑅𝐷 

𝑅𝐷 =
𝑉𝐷𝐷 − 𝑉𝐷

𝐼𝐷
 

𝑅𝐷 =
1 − 0.2

0.08𝑚𝐴
 

𝑅𝐷 = 10𝑘Ω 

 



Determining 𝑅𝑆 

𝑅𝑆 =
𝑉𝑆 − 𝑉𝑆𝑆

𝐼𝐷
 

𝑅𝑆 =
−0.6 − (−1)

0.08𝑚𝐴
 

𝑅𝑆 = 5𝑘Ω 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 5.47 

The transistor in the circuit of Fig. P5.47 has 𝒌𝒏
′
 = 0.4 mA/V2, Vt =0.4 V, and λ=0. 

Show that operation at the edge of saturation is obtained when the following 

condition is satisfied: 

(
𝑾

𝑳
) 𝑹𝑫 ≅ 𝟐. 𝟓𝒌𝛀 

𝑉𝑡 = 0.4 𝑉 

𝑘𝑛
′ = 0.4 𝑚𝐴 𝑉2⁄  

𝑉𝑆 = 0 𝑉 

𝑉𝐺 = 1.3 𝑉 

When λ=0, the drain current iD is: 

𝑖𝐷 =
1

2
(𝑘𝑛

′) (
𝑊

𝐿
) (𝑣𝐺𝑆 − 𝑉𝑡)2 

𝑖𝐷 =
1

2
(0.4 𝑚𝐴 𝑉2⁄ ) (

𝑊

𝐿
) (1.3 − 0 − 0.4)2 

𝑖𝐷 =
1

2
(0.4 𝑚𝐴 𝑉2⁄ ) (

𝑊

𝐿
) (1.3 − 0 − 0.4)2 

𝑖𝐷 = 1.62𝑥10−4 (
𝑊

𝐿
) 𝐴 

At the edge of saturation 

𝑣𝐷𝑆 = (𝑣𝐺𝑆 − 𝑉𝑡) 

Since 𝑣𝑆 = 0 

𝑣𝐷 − 0 = (1.3 − 0 − 0.4) 

𝑣𝐷 = 0.9 𝑉 

𝑅𝐷 =
𝑉𝐷𝐷 − 𝑉𝐷

𝐼𝐷
 

𝑅𝐷 =
1.3 − 0.9

1.62𝑥10−4 (
𝑊
𝐿 )

 

𝑅𝐷 (
𝑊

𝐿
) =

1.3 − 0.9

1.62𝑥10−4
 



𝑅𝐷 (
𝑊

𝐿
) = 2469 Ω ≅ 2.5𝑘Ω 

 

 

 

 


