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University of California, Santa Barbara 
Department of Electrical and Computer Engineering 

 
ECE 152A – Digital Design Principles 

 
Midterm Exam #2 – Solution 

August 5, 2009 
 

 
Name _____________________________________  
 
Perm # ____________________________________ 
 
Lab Section   _______________________________ 
 

 
Problem #1  (35 points) ____________ 

 
Problem #2  (35 points) ____________ 

 
Problem #3  (30 points) ____________ 

 
Total          (100 points) ____________ 

 
 
 
 
 
 
 
 
 
 
 

• This is a 75 minute exam; closed book, closed notes, no calculators.   

• Answer all questions on the exam. 
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Problem #1. 
 

a) (26 points) For the edge-triggered D Flip-Flop shown below, complete the 
timing diagram on the following page.  The actual propagation delays are 
not important, but use arrows to indicate the causality and order of 
transitions. 

 
Assume the following initial conditions: 
 
CLK = 0 
D = 1 
 
DBAR = 0 
DBARBAR = 0 
R = 1 
S = 0 
Q = 0 
QBAR = 1 
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b) (3 points) Assuming that tPHL = tPLH = 10ns for both the 2 and 3 input NOR 
gates, what is the worst case CLK to Q propagation delay? 

 

 
 

c) (3 points) If fundamental mode operation is assumed (and guaranteed) 
and the propagation delays are as specified in part b) above, what is the 
set up time for this flip flop? 

 

 
 

d) (3 points) If this flip flop is used in a digital system in conjunction with a 
combinational logic block having a critical path delay of 50ns, what is the 
minimum clock period for this system? 
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Problem #2. 
 
In this problem you are asked to design a 2-bit up/down binary counter.  The 
counter has a single input R (Reverse).  When R is 0, the counter continues 
counting in the current direction (up or down) on each clock edge.  When R is 1, 
the direction is reversed i.e., if the counter had been counting up, it now counts 
down, if the counter had been counting down, it now begins counting up.  Note 
that R doesn’t specify the direction, it reverses the current direction. 
 
The design may require more than two state variables, but the count must be 
represented by the two least significant state variables which must be labeled A 
and B (where B is the least significant bit). 
 
When counting up:   AB = 00 → 01 → 10 → 11 → 00... 
When counting down:  AB = 11 → 10 → 01 → 00 → 11... 
 
The count should change on every clock edge whether reversing direction or not.
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a) (5 points) Construct a state diagram for your design.  Clearly indicate the 

definition of each state variable in your design. 
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b) (10 points) Construct a state table for your design. 
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c) (5 points) Construct next state maps for each of the state variables in your 

design. 
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d) (5 points) Marketing has determined that if 74109 “J – not K” flip flops are 

used, profit margins will be maximized.  The pin assignments and function 
table for the device are given below.   

 
Construct the excitation table for the “J – not K” flip flop. 
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e) (10 points) Based on the excitation table derived in part d) above, 

determine the flip flop inputs for each of the state variables.  You can 
assume that the preset and clear inputs are always tied to a logical 1. 
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Problem #3. 
 
On this and the following two pages are the functional block diagram, data sheet 
and timing diagram, respectively, for the SN74194 4-Bit Bidirectional Universal 
Shift Register.   
 
The Function Table on the data sheet on the following page provides all the 
information necessary to complete this design, but I’ve included all three pages 
from “The TTL Data Book for Design Engineers” so that there will be no 
ambiguity as to how this device operates. 
 
On the final pages of this exam, give the Verilog code that, when synthesized, 
will implement the SN74194 on an FPGA.  Use the signal names given in the 
module declaration in your design.   
 
The syntax of your design will be checked very carefully to determine if it meets 
the specification. 
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// module SN74194 (QA, QB, QC, QD, CLR, S1, S0, CLK, L, R, A, B, C, D); 
 
// (6 points for structure and “always” syntax; 6 points per operation) 
 

 

module SN74194 (QA, QB, QC, QD, CLR, S1, S0, CLK, L, R, A, B, C, D); 

 

output QA, QB, QC, QD; 

input CLR, S1, S0, CLK, L, R, A, B, C, D; 

 

reg QA, QB, QC, QD; 

 

always @ (posedge CLK or negedge CLR) // this must be negedge CLR, 

       // not just CLR... 

 

if (!CLR)  // CLR is the highest priority, so it must 

begin   // be tested first...it overrides the values 

  QA <= 0;  // of S1 and S0 

  QB <= 0; 

  QC <= 0; 

  QD <= 0; 

end 

 

else if (S1 && S0) 

begin 

  QA <= A;  // S1 == S0 == 1 

  QB <= B;  // is the parallel load 

  QC <= C;  // operation 

  QD <= D; 

end 

 

else if (!S1 && S0) // shift right (toward QD) 

begin 

  QA <= R; 

  QB <= QA;  // if blocking assignments are used 

  QC <= QB;  // the order must be reversed, otherwise 

  QD <= QC;  // R would be loaded into all registers 

end 

 

else if (S1 && !S0) // shift left (toward QA) 

begin 

  QA <= QB;  // this order would actually 

  QB <= QC;  // work for either blocking  

  QC <= QD;  // of non-blocking assignments 

  QD <= L; 

end 

 

    // you could include a test for S1 == S0 == 0 

    // or a default else, but since the action is 

    // to do nothing, it's not necessary 

 

endmodule 

 
// endmodule 
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