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 EE  – HDL Based Digital Design with
 Programmable Logic
 Lecture 3
 Digital Design Fundamentals
 Read before class:
 Chapter 1 (second half). First part of Chapter 2.
 Textbook used in your introductory digital logic design course 1
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 D Flip-Flop (DFF)
 Rising edge triggered D Flip-Flop
 Timing parameters:
 • Setup time t su: input must be stable before
 the clock edge
 • Hold time t h: input must stay stable after 
 the clock edge
 • Clock to Q t c-q: maximum time for output tobe stable after the clock edge
 2
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 Finite-State Machines (FSMs)
 Finite State Machines are clocked sequential circuits
  After a clock edge, the system assumes a new state
 that depends on where it was before the edge (old
 state) and the inputs just before the edge
 Combina-
 tional Logic
 Inputs  Outputs 
 State Next
 State
 Storage
 Elements DQ
 CLK  
 3
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 State Machines
 Mealy Machine• Outputs are dependent on current state and inputs
 • Outputs change asynchronously with inputs
 Logic
 Memory
    C  u  r  r  e  n   t   S   t  a   t  e N
  ex  t   S  t   a t   e
  Inputs Outputs
 4
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 State Machines
 Moore Machine• Outputs are dependent only on current state
 • Outputs are fixed during clock cycle
 Logic
 Memory
 Logic
    C  u  r  r  e  n   t   S   t  a   t  e N
  ex  t   S 
  t   a t   e
  
 Inputs
 Outputs
 5
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 State Graphs (state diagrams)
 Symbolic abstract, graphic representation of behavior 
 Consists of:
 • Nodes – A node represents a unique state; has unique symbolic name
 •  Arcs – An arc represents a transition from one state to another; labeled
 with condition that will cause the transition
 Output values also specified:
 • Under the condition expression of transition arcs – for Mealy machines
 whose output depend on input and state
 • Inside the state bubble – for Moore machines whose output depend on
 state only
 6
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 State Machine Design
 Make sure• all states are represented
 • all possible inputs are taken into account for state
 transitions
 • there is an exit out of each state• there are no conflicts in state transitions
 Encodings:
 • Binary
 • One-Hot
 • … 
 7
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 State Encoding
 Each state Si is represented by a binarypattern Pi, where i is an arbitrary index.
  A mapping from the state index i to Pi is the
 state encoding function E.
 Binary (sequential) encoding: E(i) = i; i =
 1,2,…,n 
 One-hot encoding: E(i) = 2i; i = 0,1,…,n-1
 Others: grey, johnson, hamming-2, etc.
 8
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 Finite State Machine: Generic Example
 There are automated procedures to build
 (synthesize) the logic for finite state machines
 One way of describing a FSM, in terms of transitions
 on each clock edge
 00 10
 01 11/1
 X=0
 X=1
 X=1/1X=0
 X=0 X=1
 X=1
 X=0
 Comb
 logic D0 Q0
 D1 Q1
 X Y
 CLK
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 Mealy machine design example1: Sequence
 detector (detect sequence “101”) 
 State graph
 State transition table
 Transition table with encoded states
 State
 encoding
 10
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 Mealy machine design example1:
 Sequence detector 
 Hardwareimplementation
 with two DFFs
 11
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 Part 3
 Logic Design and Implementation Technology
 • Design concepts and design automation• Design space: parameters and tradeoffs
 • Design procedure (design flow)
 Major design steps: specification, formulation,
 optimization, technology mapping, and verification
 12
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 Design Automation
 Design automation: the process (activities) of 
 developing/architecting and implementing EDA tools
 Electronic design automation (EDA) is a category of software tools
 for designing electronic systems such as printed circuit boards and
 integrated circuits (ICs). The tools work together in a design flow
 that chip designers use to design and analyze entire chips
 Use of EDA tools effectively automate the design process (much of it done manually in the old days)
 EDA companies: Cadence, Synopsis/Magma, Mentor Graphics,
 etc.
 13
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 Mapping to NAND gates
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
 .
  Assumptions:
 • Cell library contains an inverter and n-
 input NAND gates, n = 2, 3, … 
 NAND Mapping algorithms
 1. Replace ANDs and ORs:
 2. Repeat the following pair of actions
 until there is at most one inverter 
 between:  A circuit input or driving NAND gate
 output The attached NAND gate inputs
 • Pushing inverters through circuit fan-out
 points
 • Canceling inverter pairs
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 NAND Mapping Example
 15

Page 26
						

7/29/2019 EE 478 Lec03 Notes Merged
 http://slidepdf.com/reader/full/ee-478-lec03-notes-merged 26/26
  
 Exercise: In Class
 1. Implement the following function using onlyNAND Gates: X = ABC + DE 
 2. Explain in your own words the idea behind
 the working of the D – Latch
 16
 D Q 
 G 
 Q 
 D latch
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