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Information for Candidates: 
The following notation is used in this paper: 

1. Unless explicitly indicated otherwise, digital circuits are drawn with their inputs on the 
left and their outputs on the right. 

2. Within a circuit, signals with the same name are connected even if no connection is 
shown explicitly. 

3. The notation X[2:0] denotes the three-bit number X2, X1 and X0. The least significant 
bit of a binary number is always designated bit 0. 
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1. (a) Figure 1.1 shows an amplifier circuit using an op-amp operating at 3.3V and has a 
gain-bandwidth product of 1MHz.  It amplifies the input signal VS and produces an 
output voltage Vout. 

 
(i) Derive from first principles the gain of this amplifier for both the DC and AC 

components of VS.  You must show your derivation clearly. 
 [4] 

(ii) Given that VS is a sine wave signal at 20kHz with a peak-to-peak voltage of 1V, 
sketch and explain the expected waveform at Vout. 

[3] 

(iii) State with justifications what happens to the gain of the amplifier if the frequency 
of  VS is changed to 1Hz and to 1MHz. 

[3] 

 

 
Figure 1.1 
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(b) Figure 1.2 shows a 5-bit signature analyser circuit.  FF1 to FF5 and G1 form a pseudo 
random number generator. G2 “merges” the input signal 𝑖𝑛 with the random sequence 
to form a unique signature at the output Q[5:1]. The circuit is clocked by the clock 
signal 𝑐𝑙𝑘. The output Q[5:1] is initialized synchronously to 5’b00001 if  𝑖𝑛𝑖𝑡 is 
asserted. 

 
(i) Assuming the input 𝑖𝑛 is always zero and initially Q[5:1] = 5’b00001, list the first 

6 values of Q[5:1] in the sequence. 
 [3] 

 
(ii) The input instead of being always zero, it is in fact a sequence ‘010000’.  What is 

the signature Q[5:1] after 6 clock cycles assuming the same initial condition as 
before? 

 [3] 
(iii) Write a SystemVerilog module to implement this signature analyser. 

 [4] 
 
 
 

 
  Figure 1.2 
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(c) Figure 1.3(a) shows the circuit of a 3-bit carry-skip binary adder. The worst-case 
propagation delays of the circuit elements are given in Figure 1.3(b) (in nanoseconds). 

 
(i) Determine the worst-case propagation delays from P0 and from C–1 to C2A and 

C2B. 
 [6] 

 
(ii) This adder is part of a pipeline stage in a digital system where registers have a 

setup time of 2ns, a hold time of 1ns and a clock to output delay of 1.5ns.  If this 
binary adder is the combinational circuit with the worst-case delay, what is the 
maximum system clock frequency that can be deployed? 

 [4] 
 

 
(a) 

   
(b) 

Figure 1.3 
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(d) Figure 1.4 shows the state diagram of a finite state machine (FSM) with two input 
signals X and Y, and one output signal Z, driven with a clock signal CLK. RST input 
signal resets the FSM synchronously to state A. Changes in X and Y are synchronised 
on the falling edges of CLK; changes in state and Z are synchronised on the rising edges 
of CLK. 

 
(i) Complete the timing diagram shown in Figure 1.5 given that the FSM is initially 

in state A. 
 [4] 

 
(ii) Specify in SystemVerilog a design of this FSM using binary state encoding.  

 
 [6] 

 
Figure 1.4 

 

 
Figure 1.5 
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(e) Figure 1.6(a) shows a flash analogue-to-digital converter comprising three identical 
resistors, four comparators and a logic block. The output of a comparator is high 
whenever the voltage at the “+” input is greater than that at the “–“ input. VIN is the 
analogue input to be converted.  A, B, C and D are the outputs of the four comparators.  
X2:0 is the converted digital values for VIN. 

(i) What are the ranges of voltage values of VIN for signals {A,B,C,D} to take on 
the values of 4’b0000, 4’b0001, 4’b0011, 4’b0111 and 4’b1111?  State any 
assumptions used. 

[5] 

(ii) The truth table in Figure 1.6(b) defines the relationship between X2:0 and A, B, 
C and D of the encoder.  Design the encode module in SystemVerilog.   

[5] 

 
(a) 

 

 
(b) 

 

Figure 1.6 
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2. Part of the datasheet for the Microchip MCP6291 operational amplifier is included in the 
Appendix.  Based on the information provided, answer the following questions with 
appropriate justifications. 

 
(a) Figure 2.1 shows MCP6291 is connected as an amplifier. If the input signal VIN is 

a sinewave at 2.5MHz with an amplitude of 0.25V and a DC offset of 0.5V, what 
are the maximum and minimum voltages at the VOUT?  State any assumptions 
made. 

 [6] 
 

(b) Sketch the output signal VOUT if the input signal VIN is a square wave signal at a 
frequency of 1MHz with low voltage at 0V and high voltage at 0.75V.  

[4] 

 
(c) Figure 2.2 shows the MCP6291 connected as a light sensing amplifier.  Given that 

the photodiode sensitivity characteristics are as shown and the irradiance 𝐸!  is 
known to be 1mW/cm2 or lower, what value of R should be used to provide the 
maximum voltage range at VOUT? 

 [3] 
 

(d) Figure 2.3 shows a simplified SPICE model for the MCP6291 operational amplifier.  
The model has three parts: the input stage, the gain stage and the output stage.  V+ 
and V- are the positive and negative power supplies to the operation amplifier 
respective.  Based on the datasheet provided in the Appendix, answer the following 
questions: 

 
(i) For the input stage, determine the values of R1, C1 and V1. 

 [2] 
(ii) For the gain stage, determine the values of R2, C2 and the transconductance 

of G1. 

 [6] 
(iii) Based on the values determined in part (ii) above, what is the SPICE 

statement for G1 which would model the slew rate for this operation 
amplifier? 

 [3] 
(iv) What do D1 and D2 model? 

 [1] 
 
  



ELEC50001 CAS  © 2025 Imperial College London Page 9 of  13 

 

 
Figure 2.1 

 
Figure 2.2 

 

 
Figure 2.3 
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3. Figure 3.1 shows a digital circuit that computes the approximate square root of a 10-bit 
number P[9:0] and produces a 5-bit answer X[4:0]. The circuit consists of a multiplier 
circuit, a digital comparator and a finite state machine that implements the successive 
approximation algorithm.  The digital comparator output GE  is high if the value at its input 
A is larger than or equal to its input B.   The FSM is controlled by the clock signal CLK. It  
starts the computation when LOAD goes from low to high and the DONE signal then goes 
low until the computation is completed and X[4:0] contains the valid result. 

 
(a) Given that P[9:0] = 10’h2A4, complete the timing diagram shown in figure 3.2. 

 [10] 
 

(b) Hence or otherwise, explain how this circuit can compute the square root of the 
input P[9:0].  State any assumptions used. 

 [5] 
 

(c) Design the SAR finite state machine in SystemVerilog. 
 [10] 

 

 
Figure 3.1 

 

 
Figure 3.2 
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APPENDIX 
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