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1. The circuit shown in Fig. 1 represents a fonn of an emitter-coupled logic gate in 

which Vcc = 0 V, VEE = -6 V and VR -1.5 V. The logic output swing is required to 

be l.2V symmetrical around the reference voltage, VR . For all transistors, 

VBE(on) = 0.8 V, and the emitter current of any device may not exceed 5 mA. 

(a) Calculate suitable values of RcI, RC2 and RE such that the logic levels for 

the circuit are consistent for input and output, choosing conditions to achieve 

maximum switching speed. You may assume that all base currents are negligibly low 

for the purposes of this calculation. [20%] 

(b) Sketch a suitable circuit to generate the reference voltage VR (component 

values are not required), and explain briefly how it works. [30%] 

(c) Detennine the noise margins NMH and NML• To estimate JiIH and VIL 

you may assume that the width of the transition region of the voltage transfer 

characteristic is 150 m V, symmetrically placed around VR. [10%] 

(d) Estimate the change in the output voltage at the tenninal V02 due to the 

base current drawn by T4 if the current gain, hFE' ofT4 is 50? [10%] 

( e) Detennine the maximum fan-out of the circuit assuming that it is limited 

by the reduction in the high level noise margin, NMH , because of loading by the 

driven gates. You may assume that a 10% reduction in NMH can be tolerated. State 

all assumptions made. Explain why the calculated fan-out is unlikely to be realised in 

practice. [30%] 

(cont. 
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2. (a) Give the reasons for the popularity of CMOS technology in the design of 

digital logic systems. What are the disadvantages of CMOS? Your answer may 

include references to: implementation, compactness, input and output levels, and 

drive capability, as well as any other factors you consider important. [30%] 

(b) With the aid of a diagram, show how to determine the noise margins from 

the input and output logic levels V1L, VIH, VOL and VoH • [30%] 

(c) Fig. 2 shows a simple CMOS static random access memory cell. Explain 

the mode ofoperation of this circuit, and explain the role of the signals word, bit, and 

bit in allowing data to be written and read. Describe briefly the special design 

criteria that apply to the MOSFETs Ml - M6. [40%] 

(cont. 
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3. (a) Draw the equivalent circuit of a Master-Slave J-K bistable using S-R 

bistables and logic gates. Write down the logic function of the J-K bistable which 

defines the next state as a function of the present state and the inputs. 

(b) By using the reverse engineering method analyse the logic circuit 

shown in Fig.3. Derive the state table and the state diagram. 

[30%] 

[50%] 

What specific function does the circuit in Fig. 3 perform? [20%] 
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Fig. 3 
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4. Fig.4 shows the block diagram of a circuit that adds two binary numbers. The 

numbers are fed to the adder serially starting with the least significant bit, at the input 

Xi and Yi. The sum Zi appears in a serial form at the output while the carry bit is fed 

back through a bistable to the input. 

(a) Implement the circuit using a J-K bistable and a Programmable Logic 

Array. State any assumptions made. 
[30%] 

(b) The circuit in Fig.4 is to be modified to perform either addition or 

subtraction of two binary numbers depending on an external control signal. Show 

how this circuit could be implemented using a J-K bistable and a Programmable 

Logic Array. 
[30%] 

(c) Compare the operation and performance of the sequential adder shown 

in Fig. 4 with those of a combinational (,parallel') adder that would perform a similar 

function. 
[20%] 

(d) Draw the block diagram of a 4 bit parallel adder-subtractor and show 

specifically the part of the circuit that decides whether addition or subtraction is to be 

performed. 
[20%] 
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Fig. 4 
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