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Unless otherwise specified, use the parameters from the following table for all problems. 

𝐶𝑜𝑥 =
𝜖𝑜𝑥

𝑡𝑜𝑥
 𝑎𝑛𝑑 𝜖𝑜𝑥 = 3.9𝜖𝑜 

 

 

 

 

 

 

Problem 1.1: Determine what region of operation (cutoff, linear, or saturation) each of the following circuits is 

operating in. 

a) 

 

 

 

 

 

b) For an NMOS with VDS = 0.5V, what are the ranges of VGS voltages in which the device 

operates in the cutoff, linear, and saturation regions? 

c) For an NMOS with VGS = 1V, what are the ranges of VDS voltages in which the device operates in the 

cutoff, linear, and saturation regions? 

 

Problem 1.2: For the circuit on the right, answer the following questions. Ignore channel 

length modulation. (W/L)1 = (W/L)2 = 1.0/0.5. 

a) What is the maximum value of VIN that biases M1 in the saturation region with VDD = 

5V? 

b) What is the region of operation of each device when VDD = 5V and VIN = 3V? 

c) What is the current through each device when VDD = 5V and VIN = 3V? 

 

Parameter NMOS PMOS Units 

|𝑉𝑡ℎ| 0.7 0.8 𝑉 

𝜆 0.1 0.2 𝑉−1 

𝜇𝑜 350 100 𝑐𝑚2

𝑉. 𝑠𝑒𝑐
 

𝑡𝑜𝑥 9 9 𝑛𝑚 



Problem 1.3: Using parallel transistors is better from a 

device matching perspective than varying the width of 

a transistor. This isn’t always apparent when using 

simplified models of the devices. Ignore channel length 

modulation for all parts. 

a) Calculate the currents I1 and I23 for the circuit on the 

right. Assume VBIAS = 1V, VDS = 2V for all devices, 

(W/L)1 = 2.0/0.5, and (W/L)2 = (W/L)3 = 1.0/0.5. 

b) Are the 2 currents in part a) the same or different? 

Briefly explain why. 

c) Suppose you needed to generate a third current IOUT that is 2.5 ∙ 𝐼23 using any number of NMOS devices, but 

with the size of each NMOS restricted to W/L = 1.0/0.5. VGS and VDS are the same as in part a). Draw a 

schematic of how you could implement this? 

 

Problem 1.4: Stacking transistors and increasing length are 

techniques used to increase the output impedance and reduce 

leakage current through devices. You may ignore channel 

length modulation. 

a) Calculate the currents I1 and I23 for the circuit on the right. 

Assume VBIAS = 1V, VD1 = VD2 = 2V, (W/L)1 = 1.0/1.0, 

and (W/L)2 = (W/L)3 = 1.0/0.5. Body terminals on all devices 

are connected to the ground. (Hint: assume an operating 

region for M2 and M3, calculate the current and voltages, 

then check your operating region assumption) 

b) Are the 2 currents in part a) the same or different? 

 

Problem 1.5: The figure below shows the measured log (ID) vs VGS curve of an NMOS transistor. 

Assume the sub-threshold current can be approximated with 𝐼𝐷 = 𝐼0 exp
𝑉𝐺𝑆−𝑉𝑇𝐻

𝑛𝑉𝑇
 where thermal voltage VT = 

26mV. Estimate the value of “n” for this transistor. 

 



Problem 1.6: The NMOS transistors in the circuit on the right have Vt = 0.5 V, 

μnCox = 250 μA/V2 , λ = 0, and L1= L2=L3= 0.5 μm.  

Find the required values of gate width for each all transistors to obtain the voltage 

and current values indicated. 

 

 

 

 

 

Problem 1.7: 1 In the circuit shown on the right, transistors Q1 and 

Q2 have Vt = 0.7 V, and the process transconductance parameter 

μnCox =125 μA/V2. Find V1, V2, and V3 for each of the following 

cases: 

(a) (W/L)1 = (W/L)2 = 20 

(b) (W/L)1 = 1.5(W/L)2 = 20 

 

 

 

 

 

 

Problem 1.8: For the circuits shown below, assume μnCox = 3μpCox = 270 μA/V2, |Vt|=0.5V, λ = 0, L = 1 μm, 

and W = 3 μm, unless otherwise specified. Find the labeled currents and voltages. 

  


