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Final Examination in Introduction to VLSI (ECE349b)
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This is a three-hour, closed-book essay examination with a simple calculator and one crib sheet (two-side) allowed

· The examination booklet consists of 13 pages including this front cover sheet.

· A parameter and equation sheet (page 2) and two blank pages (pages 12-13) are attached.

· Show all your work on the attached pages.  Any extra sheets will not be part of this examination and will not be marked.  You may use both sides of each page.

· Candidate is responsible for checking the completeness of the examination booklet and for writing his name and student number where indicated. 

· State clearly any and all assumptions you make in arriving at a solution to a problem. If there is a doubt regarding the text of any of the questions, assumptions are to be made and solution presented based on the assumptions. 

· In evaluating the examination, considerable weight will be given to the clarity of the answer, and to the presentation. 


University policy states that cheating, including plagiarism, on an examination is a scholastic offense. The commission of a scholastic offense is attended by academic penalties which might include expulsion from the program. If you are caught cheating, there will be no second warning.
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The following information may be needed:

Parameters:

N-diffusion bottomwall unit capacitance: 
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N-diffusion sidewall unit capacitance: 
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P-diffusion bottomwall unit capacitance: 
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P-diffusion sidewall unit capacitance: 
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Poly/Metal1 plate capacitance: 
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Poly/Metal1 fringe capacitance: 
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Poly/Metal1 square resistance:  4 
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Vtn = 0.7 V

Vtp = -0.8 V
Equations:

Gate capacitance equation: 
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Saturation function: 
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Linear function :  
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RC function:            
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Inverter 90% -10% fall time:  
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Inverter 10% - 90% rise time:  
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Yield:                                       
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 (A = chip area, D = defective density)

Power consumption:               
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1. (10 marks)  Answer each question in one or two sentences.

(a) What is the difference between ASIC chip and FPGA chip? Give the names of two software used for ASIC and two software used for FPGA design  respectively.  (2 marks)

(b) What is latch up and what is the solution for latch up? (2 marks)

(c) Give two types of RAM and three types ROM?  (2 marks)

(d) Explain the purpose of the buffer insertion in the interconnect design.  (2 marks)

(e) Why there is no required poly-metal spacing? (2 marks)

2.
(10 marks) Draw the transistor-level schematic for a two-input XOR gate using N-type Pass logic, Pseudo-nMOS logic, DCVS and Domino logic. The inverted versions of the input signals (i.e. 
[image: image18.wmf]x

) are available.  (2 marks)

3.    (10 marks)  

(a) Define voltage noise margins and show them in the inverter transfer curve (2 marks)

(b) Why place & routing is an NP-complete problem? Give a simple example to show the case when left-edge place & routing algorithm is not working.  (2 marks)

(c) Explain why the D-type master-slave flip-flop is edge-triggered but not level triggered. (2 marks)

(d) Is it a sequential logic or combinational logic that the following VHDL code performs?  (2 marks)

  
library IEEE; 
use IEEE.std_logic_1164.all; 
  
entity test is 
    port ( 
        A0: in STD_LOGIC; 
        B0: in STD_LOGIC; 
        F0: in STD_LOGIC; 
        Q0: out STD_LOGIC; 
        COUT: out STD_LOGIC 
    ); 
end test; 

architecture test1 of test is 

  signal CIN: STD_LOGIC; 
  begin 
       CIN <= '0'; 

     process (A0, B0, F0) 
       begin 
         if F0 = '1' then 
            Q0 <= A0 xor B0 xor Cin; 
          COUT <= (A0 and B0) or (A0 and Cin) or (B0 and Cin); 
         elsif F0 = '0' then 
            Q0 <= A0 or B0; 
          COUT <= '0'; 
         end if; 
       end process; 
  end test1

(e) If a design consumes 1mW power in 0.5um technology and Vdd= 5V, what is the power consumption when the design is scaled down to 0.2um technology and Vdd=2V. (2 marks)   

4.  (10 marks) 

Note:  use the following information if needed:

Use CMOS gates only.

Power supply voltages are Vdd= 3.3 V, Vss = 0V.   

All transistors have W=9
[image: image19.wmf]l

, L=2
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, 1
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=0.25 um.  

The unit gate capacitance of N and P transistors is 
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The minimum-size transistor (W=3
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, L= 2
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) has the resistance: Rn = 6.8 k
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, Rp=25 k
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 EMBED Equation.3  [image: image28.wmf]W


Given the Boolean function as follows:
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(a) Optimize the above Boolean function and draw the transistor level schematic diagram using minimum number of transistors.  (3 marks)

(b) When the output F of the above circuit (we call it Circuit G) is driving 2 inverters in parallel, size the transistors in Circuit G for the approximately equal rise and fall time for the worst case scenario and calculate the rise time for this case. (4 marks)

(c) Based on the results of step (b), calculate the power consumption for the circuit G, assuming duty time is the sum of the worse case rise and fall time.  (3 marks)

5.  (10 marks) 

A two-input NAND gate drives a set of parallel inverters; all the logic gates use minimum-size transistors (W= 3 
[image: image30.wmf]l

 and L=2 
[image: image31.wmf]l

).  Design A: the NAND gate driving n inverters.  Design B: the NAND gate drives to two inverters each driving n/2 inverters. 

(a) Compare the delays of Design A and Design B. (5 marks)   

(b) What is the smallest value of n for which Design B has smaller delay than Design A. (5 marks)

6.  (10 marks) For the typical 0.5um VLSI process, a metal1 wire, a via and a n-diff are given in Fig. 1.  

                        Poly/Metal1 plate capacitance: 
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                        Poly/Metal1 fringe capacitance: 
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                        Poly/Metal1 square resistance:  4 
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  (metal1)




(p-well)

(current)

Figure 1

(a) Calculate the parasitic capacitance in this layout (5 marks).

(b) Calculate the metal resistance in this layout (5 marks).

4� EMBED Equation.3  ��� via (to n-diff)








6� EMBED Equation.3  ���*10� EMBED Equation.3  ���  (n-diff)
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