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DIGITAL ELECTRONICS II 
Revision Examples 2007 
 
Exam Format 
 
Q1 compulsory + any 2 out of Q2, Q3, Q4. Q1 has 5 parts worth 8% each, Q2,3,4 are worth 30%. 
 
Revision Lectures 
Three revision lectures will be given on the topics listed below. The example problems are all taken 
from past papers and are intended to cover the full range of the course. It should not be assumed 
that this year’s questions will be on these precise topics. Note that some papers prior to 2003 
contain questions on CMOS gate circuitry – this topic is no longer in the syllabus. 
 

Fri 27 Apr 10:00 1. State Machines (EEE 1994 Q1) 
 2. Adder Circuit Propagation Delays (ISE 1996 Q3) 
Wed 2 May 9:00 3. Timing (ISE 1996 Q4) 
 4. Sine wave generation (EEE 1999 Q4) 
Fri 11 May 3:00 5. Memory interfacing (EEE 1996 Q3) 
 6. State Machine analysis (EEE 1999 Q1) 

 

 
1. Figure 1 shows the state diagram of a synchronous state machine having a single input, IN, 

and a single output, OUT. The state is represented by a two-bit number S0:1 whose value is 
indicated within each state circle along with the value of OUT. Transitions from a state to 
itself have not been shown. 

 

Figure 1 

(a) If the next state is represented by a two bit number NS0:1, derive Boolean expressions 
for NS1, NS0 and OUT in terms of S1, S0 and IN. You should ensure that the state 
machine will ultimately follow the correct sequence regardless of its initial state. 

(b) Using a 2-bit D-type register and as few logic gates as possible draw a circuit diagram 
for the state machine. The register operates on the rising edge of the signal CLOCK. 

(c) Complete the timing diagram shown in Figure 2 by showing the state during each clock 
cycle and the waveform of OUT. The circuit is initially in state 2. 

 

Figure 2 
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-----------------------------------------Solution ------------------------------------------ 

(a) We can draw Karnaugh maps for NS1, NS0 and OUT: 

 
  IN    IN    IN  
 NS1 0 1  NS0 0 1  OUT 0 1 

 00 0 1  00 1 0  00 1 1 

S1,S0 01 0 1  01 1 0  01 0 0 

 11 X X  11 X X  11 X X 

 10 0 1  10 0 0  10 1 1 

From this we get: 

NS IN1=  

NS S IN S IN0 1 1= ⋅ = +  

OUT S= 0 

State 3 branches to either state 0 (IN=0) or state 2 (IN=1) so there is no chance of 
getting trapped. 

(b)  

 

(c)  
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2. Figure 3 shows the symbol and worst case propagation delays (in units of 1 gate delay) for an 
m-bit full adder. Pi, Qi and Sj denote any of the P, Q or S bits respectively. 

The circuit of Figure 4 uses two full adders together with two multiplexers. The C–1 inputs of 
the two full adders are connected to logic 0 and logic 1 levels respectively. In the question 
below, the phrases simple adder block and complex adder block refers to the circuits of 
Figure 3 and Figure 4 respectively. 

a) Determine the worst case delays from each of C–1 and Pi to each of Cm–1 and Sj for the 
complex adder block. Each multiplexer has a propagation delay of 3 gate delays from its 
select input (labelled G1) and 2 gate delays from the other inputs. 

b) Show that the complex adder block is functionally equivalent to the simple adder block. 
Explain the relative advantages of the two implementations. 

c) A 16-bit adder is constructed by cascading four 4-bit full adder blocks. A simple adder 
block is used for the least significant 4 bits and three complex adder blocks are used for 
the 12 most significant bits. Determine the longest propagation delay path for the 16-bit 
adder. 

d) Determine the number of bits to which each of the complex adder blocks in part (c) can 
be increased without increasing the length of the longest propagation delay path. Give 
the total size of the resultant adder. 

 

Σm

P –1:0m

Qm–1:0
Sm–1:0

C –1mC–1  

Worst-case delays 

C–1 → Sj m+3 

C–1 → Cm–1 m 

Pi → Sj m+3 

Pi → Cm–1 m  

Figure 3 
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Figure 4 
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-----------------------------------------Solution ------------------------------------------ 

a) 

C–1 → Sj 3 

C–1 → Cm–1 3 

Pi → SAj, SBj → Sj (m+3) + (2) = m+5 

Pi → CA, CB → Cm–1 (m) + (2) = m+2 

 

b) The two simple adder blocks are identical except that the C–1 input is 0 for the upper 
one and 1 for the lower one. The multiplexers then select the outputs from the 
appropriate block according to the actual value of C–1. 

The complex adder block uses over twice as much circuitry as the simple adder block. 
Its main advantage is the reduction (for m>3) in the carry path delay. The delays from Pi 
to Si within the block have actually been increased. 

c) The diagram shows the worst-case delay between various inputs and outputs. In all 
cases m = 4. 

 

The longest path is P0→C3→C7→C11→S15 = 4+3+3+3 = 13 

[Note that using a complex block for the 4 least significant bits would lengthen this path 
by 2 since P0 → C3 would increase to 6] 

d) We have the following delays: 

P4→ C7→C11→S15 = 12 

P8→C11→S15 = 9 

P12→S15 = 9 

We can increase the size of each block to bring these numbers up to 13: make the 
second block 5 bits and the third and fourth blocks 8 bits. This gives a 25-bit adder with 
a total delay of 13 gate delays. 
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3. Figure 5 shows a circuit comprising two microprocessors and two line-drivers. The 
microprocessors communicate via a cable that is 300 cm long through which both the clock 
and data signals travel. The propagation speed of the cable is 15 cm/ns. The propagation delay 
of the line-drivers may vary between 10 and 15 ns. 

As indicated in Figure 5, the Z output of each microprocessor changes shortly after the falling 
edge of its clock input while data at the D input is clocked in on the rising edge. The timing 
specifications for these signals are: 

tzp = 70 ns Propagation delay of Z output 
tzh = 10 ns Hold time of Z output 
tds = 20 ns Setup time of D input 
tdh = 30 ns Hold time of D input 

a) The signal CLOCK is a symmetrical squarewave of constant frequency. Determine fmax, 
the clock frequency up to which the circuit will allow microprocessor B to transmit data 
reliably to microprocessor A. 

b) A supply of registers is available having a propagation delay of 10 ns. The registers are 
available in two types which respond to rising and falling edges respectively at their 
clock inputs. The data inputs of the registers have a setup time of 5 ns and a hold time of 
5 ns relative to the active clock edge. 

Determine the highest value of fmax that can be achieved by inserting registers at either 
or both of points X and Y in the figure. You should indicate the clock polarity of each 
register that you use and its position in the circuit. 

State the additional delay in clock cycles that your circuit modification has inserted 
between the Z output of microprocessor B and the D input of microprocessor A. 

[Note: You should not assume that all the information given in this question is required in 
order to answer it] 
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Figure 5 
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-----------------------------------------Solution ------------------------------------------ 

We choose the driver delay to be td = 10 or tD = 15 according to whether it is on the right or 
left of an inequality respectively. The cable delay is tc = 20 ns. Define the clock period to be 
T. 

a) 32020½2015702015½ >⇒−<++++⇒−<++++ TTtTttttt dscDzpcD  

Hence the max frequency is 1/320ns = 3.125 MHz 

b) A register inserted at point X must respond to a falling clock edge because the data will 
otherwise change during the hold period tdh. 

A register inserted at point Y can respond to either edge, but a falling edge will allow 
more time to encompass tzp+ cable delay. 

We therefore put a falling-edge-clocked register at both points X and Y. This inserts an 
extra 2 clock cycles delay. 

For the registers we have ts = th = 5 and tp = 10. This gives the following constraints: 

i) µP-B to Register-Y: t T t Tzp s< − ⇒ > 75  

ii) Register-Y to Register-X: t t t t t T t TD c p D c s+ + + + < − ⇒ > 85 

iii) Register-X to µP-A: t T t Tp ds< − ⇒ >½ 60  

Hence the max frequency is 1/85ns = 11.8 MHz 
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4. Figure 6 shows a circuit for generating a sampled sinewave. The CLOCK input to the 3-bit 
binary counter is an 8 MHz squarewave. G1, G2, G3 and G4 denote the conductances of the 
four resistors connected to the output node VOUT. 

(a) Draw a timing diagram showing the waveforms of X2, X1, X0, P and Q for 10 cycles of 
CLOCK. 

(b) If the logic gate output voltage levels are 0 V and 5 V, use Kirchoff’s current law to 
show that 

4321

143 555

GGGG

GQGPG
VOUT +++

−+
=  

where P and Q take the values 0 or 1 according to their logic level. 

(c) The conductances G1, G2, G3 and G4 are to be chosen so that both the following two 
conditions hold: 

(i) ( )( )8/12sin += xVOUT π  where x is the value of the 3-bit number X0:2. 

(ii) G1+G2+G3+G4 = 20 mS. 

Using the result of part (b), write down the equations that must be satisfied by 
G1, …, G4 if condition (i) is to hold for each value of x in the range 0 to 7. Solve these 
equations, together with that of condition (ii), to determine the values of G1, …, G4. 

=1 =1
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Figure 6 
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-----------------------------------------Solution ------------------------------------------ 

 (a) 

CLOCK

X0

X1

X2

P

Q
 

(b) This follows directly from Kirchoff’s law. 

(c) We require the following outputs: 

 

X: 0 1 2 3 4 5 6 7 

P: 1 1 1 1 0 0 0 0 

Q: 0 1 1 0 1 0 0 1 

Vout: a b b a –a –b –b –a 

where ( ) 383.08/sin == πa  and ( ) 924.08/3sin == πb  

 

We have the following redundant set of simultaneous equations 

bGGG

bG

aGG

aGG

GGGG

02.0555
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02.0

431

1
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4321
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−=+−

=+−
=+++

 

We can ignore the last equation and solve the remainder to give: 

G1 = 3.7 mS, G2 = 8.9 mS, G3 = 5.2 mS and G4 = 2.2 mS. 
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5. The circuit of Figure 7 forms part of a logic analyser in which the eight lines DATA7:0 are 
sampled repetitively and their values stored in a memory. The circuit comprises a static RAM 
memory, a counter, an 8-bit register and two flipflops. The propagation delays of the counter, 
register and flipflops may vary between 5 and 10 ns and may have different values for rising 
and falling output transitions. The flipflops have setup and hold times of 5 ns and 0 ns 
respectively relative to the clock rising edge. The timing requirements for a memory write 
cycle are shown in the figure. 

a) Draw a timing diagram showing the waveforms of CLOCK, CNT, WRITE , A12:0 and 
D7:0. The signal CLOCK is a symmetrical squarewave of constant frequency. 

b) For each of the timing constraints shown in the figure, determine the corresponding 
restriction on the period of CLOCK. 

c) Hence determine the maximum CLOCK frequency for reliable circuit operation. 

C1 C1 +

C1

1D 1D CTR13

1D
DATA7:0

CLOCK

CNT

RAM
8k × 8

A12:0A12:0

A12:0

D7:0

D7:0

D7:0

WE

WRITE

WRITE

>8 >35
>10

>15 >8
 

Figure 7 
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-----------------------------------------Solution ------------------------------------------ 

a) The waveforms of the various signals are drawn below with exaggerated propagation 
delays: 

CLOCK

Count

!WRITE

A, D
 

b) We need to check each of the timing requirements in the diagram. In the expressions 
below, we use T for the clock period and t for the propagation delay of a 
counter/register/flipflop. All the t values are then replaced by 10 or 5 according to 
whether they are on the left or right respectively of an < sign. 

Addr setup:  2t+8 < T+t  ⇒ T > 20 + 8 – 5 = 23 

Write pulse: t + 35 < 2T + t ⇒ T > (10 + 35 – 5)/2 = 20 

Addr hold: t+10 < T+2t  ⇒ T > 10 + 10 – 10 = 10 

Data setup:  2t+15 < 3T+t  ⇒ T > (20 + 15 – 5)/3 = 10 

Data hold:  t+8 < T+2t  ⇒ T > 10 + 8 – 10 = 8 

c) The address setup is therefore the limiting factor and the maximum clock frequency is 
43.4 MHz. 
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6. Figure 1 shows the circuit of a synchronous state machine having a 2-bit input P0:1 and two 
outputs, X and Y. The logic block implements the following Boolean equations: 

( )
( )1001

1001

SSPPY

SSPPX

⊕••=
⊕++=

 
100

011

SPD

SPD

⊕=
⊕=

 

(a) Construct the state table for the circuit. 

(b) Draw a state diagram for the circuit in which the state is represented by the decimal 
value of the 2-bit number S1:0. You should simplify your diagram by using appropriate 
default values for the output signals. 

(c) Complete the timing diagram of Figure 2 by showing the waveforms of the two output 
signals and the sequence of states followed by the circuit. The circuit is initially in state 
0 as shown in the diagram. 
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Figure 2 
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-----------------------------------------Solution ------------------------------------------ 

(a) From the Boolean equations we get the following state table: 

D1,D0/X,Y P1,P0 
S1,S0 00 01 11 10 

00 00/00 01/10 11/10 10/10 
01 10/10 11/10 01/11 00/10 
11 11/00 10/10 00/10 01/10 
10 01/10 00/10 10/11 11/10 

 

(b) From the state table, we can construct the state diagram. Transitions are labelled with 
the value of P1:0. 
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I/O Signals: P1:0/X,Y 

Defaults: X=1, Y=0 

 

 

 (c) 
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