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ELEC50001 – Circuits and Systems 
 

2020 - 2021 
 
 

Answer ALL questions. 
There are THREE questions on the paper. 

Question ONE counts for 50% of the marks, other questions 25% each 
 

 
 

Time allowed: 2 hours 
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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 together 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) Part of the datasheet for MCP601, an operational amplifier, is included at the end of this 
paper as Appendix A, and is also provided as a separate file for your convenience.   

 
  Based on the information available, answer the following questions with appropriate 

justifications. 
 

(i) Figure 1.1(a) shows the MCP601 connected as unity gain buffer.  Sketch the 
output signal VOUT if the input signal VIN is a symmetrical digital clock signal at a 
frequency of 100kHz with low and high logic levels at 0V and 3.3V.   

 [4] 
 

(ii) What is the amplitude of VOUT if VIN varies between 1.1V and 1.2V and is a 2.8MHz 
sinusoidal signal with a DC offset?  

 [3] 
 

(iii) Figure 1.1(b) shows a non-inverting audio amplifier circuit using MCP601.  
Choose the values of the resistors R1 to R4, C1 and C2 such that the amplifier 
provides a gain of 10 for signals in frequency range from 10Hz to 20kHz.  Explain 
the reasons for your choices. 

 [5] 
 

 
Figure 1.1(a) 

 

 
Figure 1.1(b) 
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(b) Internet Protocol (IP) address version 4 (IPv4) is specified as a 32-bit number divided 
into four 8-bit sub-addresses as shown in Figure 1.2. The address range 192.168.0.0 to 
192.171.255.255 is to be reserved for private use.   

(i) If the IP address is available as a digital signal IP[31:0], design in the form of 
a Boolean equation a decoder circuit that produces high active output signal 
Y whenever the IP address falls within the address range above.   

 [4] 
 

 (ii)   Implement this decoder design in synthesizable Verilog HDL. 
[4] 

 

 
Figure 1.2 

 

 

 

(c) Figure 1.3 shows the interface definition for an up-down counter updn where the counter 
output value is incremented by one every time a rising edge is detected on tick if up is 
high, and is decremented by one if up is low.  The output value is limited to a range 
between 0 and 100 and does not wrap around when these limits are reached.   

 
 Design the updn module in Verilog HDL. 

 [8] 

 

 
Figure 1.3 
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(d) In the circuit shown in Figure 1.4, A and B are combinational logic blocks with 
propagation delays td_A and td_B respectively, where 0.4ns < td_A < 0.8ns and 0.2ns < td_B 
< 0.4ns.  

Flip-flops FF1 and FF2, both clocked by a symmetrical clock signal CLK, have a clock 
to Q delay tcq of 0.5ns, setup-time ts of 0.5ns, and a hold-time th of 0.9ns.   

(i) By considering only the setup-time constraints, calculate the maximum operating 
frequency of the clock signal CLK for reliable operation of this circuit. 

[4] 

(ii) Show that there is hold-time violation for FF2 but not for FF1. 

[4] 

(iii) FF2 is replaced with a negative edge trigger flip-flop, and all timing constraints 
remain as before. Calculate the new maximum operating frequency of CLK and 
show that there is no longer a hold-time violation for FF1 and FF2. 

[4] 

 
Figure 1.4 
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(e)  Figure 1.5(a) shows the Verilog implementation of a module digital_block with a clock 
input clk, a 10-bit input n[9:0] and an output out. 

 
(i) Sketch a block diagram showing the function of digital_block. 

[5] 

 
(ii) This circuit is driven by a 50MHz clock signal and an input N as shown in 

Figure 1.5(b). Sketch the output signal Y.  State any assumption used. 

[5] 

 

 
 

Figure 1.5(a) 
 

 
Figure 1.5(b) 
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2. Figure 2.1 shows the state diagram of a Finite State Machine (FSM) with four states encoded 
using two state bits S1 and S0, an input P and an output Q. 

(a) Draw the state transition table including the output for this state machine. 
 [5] 

 
(b) The FSM is to be implemented using an Intel MAX10 FPGA using three Logic Elements 

LE0, LE1 and LE2.  Each Logic Element consists of a 4-input lookup table (LUT) and 
an optional D-type flip-flop.  Figure 2.2 shows the circuit for the state transition logic of 
the FSM with LE0 and LE1.  Derive the truth-tables for LUT0 and LUT1. 

 [7] 

 
(c) Draw the circuit of LE2 which provides the output Q and derive the truth-table for LUT2.  

 [5] 
 
(d) Write in Verilog HDL an implementation of this FSM using one-hot encoding. 

 [8] 
 

 
Figure 2.1 

 

 
Figure 2.2 
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3. (a) Figure 3.1 shows an R-2R ladder network.  Derive from first principles and with clear 
justifications the values of I0 to I3 and V0 to V3 in terms of VREF and R. 

 [5] 
(b) Figure 3.2 shows a ladder network which is NOT an R-2R structure.  Derive from first 

principles and with clear justifications the values of I0 to I3 and V0 to V3 in terms of 
VREF and R for this new ladder network.  

 [10] 
(c) The ladder network in Figure 3.2 is used to implement a 4-bit DAC as shown in 

Figure 3.3. Explain how this circuit works as a non-binary weighted DAC converter. 
  

 [5] 
(d) Assuming VREF is 5V, and the switch control values X3:X0 is  4’b1010  as shown, 

what is the voltage at the output of the op-amp?    
 [5] 

           
  Figure 3.1 Figure 3.2 
 

 
Figure 3.3 
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APPENDIX A 
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