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ELEC50001 – Circuits and Systems 
 

2021 - 2022 
 
 

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 AD823, a dual operational amplifier integrated circuit, is 
provided as a separate document for your convenience. 

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

justifications. 
 

(i) Figure 1.1(a) shows half of the AD823 connected as an amplifier.  Sketch the 
output signal VOUT if the input signal VIN is a sinewave at 3.2MHz with an 
amplitude of 0.1V and a DC offset of 0.2V.  State any assumptions made. 

 [4] 
 

(ii) Sketch the output signal VOUT if the input signal VIN is a symmetrical digital clock 
signal at a frequency of 1MHz with low and high logic levels at 0V and 0.3V.  

[3] 

 
(iii) Figure 1.1(b) shows the AD823 connected as audio amplifier for input signal in the 

frequency range of 20Hz to 20kHz driving a 32W headphone. 
 

I. What is the gain of the amplifier at the specified frequency range?  
II. What is the DC operating voltage at nodes A, B and C?   

III. What value would you choose for the value of R in Figure 1.1(b) and why? 
IV. What is a suitable value of the output capacitor COUT and why? 

 [5] 

 
Figure 1.1(a) 

 
Figure 1.1(b) 
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(b) A 16-bit microprocessor system has 32k byte of RAM, 8k byte of ROM and two I/O 
devices each occupy 4 bytes of the memory address space. The microprocessor has a 
16-bit address bus A[15:0]. The starting addresses of the RAM, ROM and I/O devices 
are shown in Figure 1.2.  

(i)  What is the address range of each of the devices?  
[4]  

(ii)  Design in the form of Boolean equations the chip select signals RAM_CS, 
ROM_CS, IO1_CS and IO2_CS. You may assume that the chip select signals 
are low-active in all cases.  

[4]  

(iii)  Implement in Verilog this address decoder module.  
[2]  

 

 
Figure 1.2 
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(c) Figure 1.3 shows a circuit with two D flip-flops FF1 and FF2 with setup and hold times 
of 2 ns and 1 ns respectively, and a clock-to-Q output delay of 1 ns. The clock signal 
CLK has a 1:1 mark-space ratio.  The signal path has two combinational circuits, 
LUT_1 and LUT_2, each having a propagation delay between 1 ns and 5 ns.  The clock 
path is driven by non-inverting clock buffer, which has a propagation delay between 2 
ns and 10 ns.   

 
(i) Derive the inequalities for the setup time constraints for this circuit. 

 [4] 
(ii) Hence derive the maximum frequency of the signal CLK for reliable operation of 

this circuit. 
 [2] 

(iii) How would you modify the circuit to increase the maximum operating clock 
frequency?  What is the new maximum frequency? 

 [4] 
 

 

Figure 1.3 
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(d) You are required to convert a 10-bit digital number to an analogue voltage over the 
voltage range of 0 to 3.3V with a Digital-to-Analogue Converter (DAC). 

(i) What is the resolution of the analogue output?  
[2] 

(ii)  Figure 1.4 shows the circuit of a 4-bit DAC using R-2R ladder architecture, four 
electronic switches and a current summing operational amplifier.  Derive the 
value Io flowing through the bottom 2R resistor (in terms of R).  Hence or 
otherwise, derive the value of Iin, the input current from the voltage reference 
Vref.  What is the output voltage Vout of the DAC with the switch setting as 
shown in Figure 1.4? 

[6] 

 
Figure 1.4 
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(e)  A circuit with a 4-bit unsigned input X[3:0] and a 4-bit unsigned output Y[3:0] is required 
to perform a decoding function as described by the following pseudo-code: 

if X < 5  
 Y = X  
else if  X < 12  
 Y = X + 3 
else  
 Y = X – 2 
 

(i) Design this decoder circuit in Verilog HDL with the interface declarations shown 
in Figure 1.5 using the CASE statement. 

[8] 
 

(ii) If the decoder is implemented using Intel’s MAX-10 FPGA, estimate the number 
of Logic Elements (LEs) required.   

[2] 
 

 
 

Figure 1.5 
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2. (a) Figure 2.1 shows an integrator circuit implemented using a dual supply operational 
amplifier.  Derive from first principle the relationship between VOUT and VIN, and hence 
shows that the transfer function of this circuit is: 

𝐾(𝑠) =
𝑉!"#(𝑠)
𝑉$%(𝑠)

= −
1
𝑅𝐶 ×

1
𝑠 

 [5] 
 
(b) Figure 2.2 shows a summing integrator with two input voltages X and Y.  Shows that the 

relationship between the output V1 and the inputs X and Y is given by the following:  

𝑉!(𝑠) = −
1

1
2 + 10𝑅𝐶𝑠

	(𝑋(𝑠) + 𝑌(𝑠)) 

 [10] 
 

(c) Figure 2.3 shows a filter circuit combining the circuits from (a) and (b) above and 
feedback.  Show that the transfer function of this circuit is that of a second-order low pass 
filter of the form: 

𝐻(𝑠) =
𝑉𝑜𝑢𝑡(𝑠)
𝑉𝑖𝑛(𝑠)

= −
1000

𝑠2 + 5𝑠 + 1000 

 [10] 
 

 
 

 
Figure 2.3 
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3. Figure 3.1 shows the top-level schematic of the serial peripheral interface SPI used to 
interface between the MAX10 FPGA board and a digital to analogue converter. 

 
a) Specify in Verilog HDL the divide-by-50 clock circuit that produces the 1MHz 

internal symmetrical clock signal clk_1MHz (i.e. 1:1 mark-space ratio) from the 
50MHz system clock. 

 [5] 
b) Figure 3.2 shows the state diagram of the “load detector” FSM circuit.  Specify in 

Verilog HDL the code segment that implements this FSM.  
 [10] 

c) Figure 3.3 shows the code segment of the 16-bit data shift register circuit in Verilog 
HDL.  Draw the digital circuit that is expected to be synthesized, using only D flip-
flops, multiplexers and basic logic gates. 

 [10] 
 

 
Figure 3.1 

 

 
Figure 3.2 
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Figure 3.3 

 
  



 

ELEC50001 E2 CAS  © 2022 Imperial College London Page 11 of  13 

APPENDIX A 
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