CS61C — Machine Structures

Lecture 22 - Brief Intro to Verilog, State
Elements
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Review

« All synchronous digital systems made up of

combinational loqgi¢ blocks and state
elements. ;

* CL blocks can be described by their truth-
table.

» State elements use to store values and
control flow of data.

* Hi important to manage design
cnmpiexrty. P 9 S

« Data multiplexor important CL block for for
data selection
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Intro to Hardware Description Languages

« Basic Ildea: Language HDL
constructs and code Specification

describe circuits / \
* QOriginally introduced

for circuit simulation. _ ) _
FrERs S i Simulation Synthesis
* Now “logic synthesis
tools exist to
automatically convert Verification: Design Generation: Map
from language Baheve as Heguired? Spacification to
descriptions to design Functioral: |0 Behaviar mplErnEntation

i B ey - n
data for Tirning: Weeeform Behawiar
implementation.

* Warning! Even though we use language
constructs to describe hardware that doesn’t
mean that hardware design is equivalent to
writing software.
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Verilog Hardware Description Language

* One of two popular standard
languages (VHDL is the other)

- C-like syntax
*widely used in industry

* We will describe our circuits in Verilog
(class, labs, project) and use a

simulator (ModelSim) to examine their
behavior (read the online tutorial).

 We will use a limited subset of the
language.

» Also, no time to implement (take
CS150/152, EE141)
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Very Brief Verilog Introduction
» the module describes a component in the circuit

*» Two ways to describe:

» Structural Verilog
= List of components and how they are connected
* One-to-one correspondence to the actual circuit
= The way we will describe our circuits

» Behavioral Verilog
= Describe what a component does, not how it does it
= Useful before details of the actual circuit is worked out
= Useful for describing the test algorithm for another circuit

* Build up a hierarchy of modules. Top-level
module is your entire design (or the tester).
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Verilog Example: 4-input multiplexor

Fld=input multiplexor built from 3 Z-=input multiplexors
module muxd4 (in0, inl, in2, in3, select, out):
input in0,inl, in2,in3: @ oo

input [1:0] select; EEE”H]E ;
output out; select]0] 4p— |
wire wi,wl; ind -——10 E
mux2 // Declare instances of mux2 : !
m0 (in0, inl, select[0], w0}, ) Lo ]
ml (in2, in3, select[0], wl), e T i
m3 (w0, wl, select[l], out); e —e ||
endmodule // end of muxd e oy N E
| muxd !

« Assumes we previously defined a verilo
module for a 2-input mux with the following
interface:

module muxZ (in0, inl, select, out);
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Verilog Example: Accumulator

accd |

{ /Ahccumulator '\ adder J
module accd (CLE,RST,IN,OUT):

input CLK, RST: HEA | B

input [3:0] IN: RST-| ™ register |

output [3:0] OUT: !

wire [3:0] WO: :

add4 myAdd (.A(IN), .B(OUT), S(W0)):

regd myReg (.RST(RS5T), D(W0), .Q(OUT), .CLE{CLE)}):
endmodule // accd

» Makes use of two previously defined modules:
module add4 (5,A,B);

module reg4 (CLK,Q,D,RST);
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Last word (for now) on Verilog

*Verilog is a very rich language with
many features.

*Many not necessary for CS61¢

* We focus on “structural only” and a few
procedural constructs for testing

*This week: very simple use in lab
(similar to class examples)

- More next week and on project

» Tutorials online:
Verilog, Modelsim

*much more information on the web
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Hegister Details...What's inside?

t 8 L..-. Aa

|H:.l fer ?:I‘L— LHI' T}I:j | Lriﬁ

t 1A In-2 {,a

* n instances of a “Flip-Flop”

» Flip-flop name because the output flips and
flops between and 0,1

- D is “data”, Q is “output”
+ Also called “d-type Flip-Flop”
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Flip-flop Timing? (1/2)
- Edge-triggered d-type flip-flop —
 This one is “positive edge-triggered”

* “On the rising edge of the clock, the input d
is sampled and transferred to the output. At
all other times, the input d is ignored.

* Example waveforms:

o [LUMLML e
"N s WY A e o
o T L
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Flip-flop Timing? (2/2)

* “On the risin% edge of the clock, the input d is
sampled and transferred to the output. At all other

times, the input d is ignored.” LR

* Constraints:
& —FF ™%

CIK ——3 e J7] ni ii't-f'- r‘r"(..';_-.‘f be <l
TS Pered.

s time

SN 1

! | = | |
0, — «—— "tk-to-4 Ada
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Accumulator Revisited (proper timing 1/2)

i - Reset input to register is
( used to force it to all
zeros (takes priority over
l —t D input).
II S ~ « §,, holds the result of the

|l vesl — Ef'_“s‘r_-q—'-'-h i""-1 iteration.

| R < « Analyze circuit timing
{ b starting at the output of
— the register.
T s, o s 1 T P . . e e s o B R

St T @ [ 7o Tewta X = o
%N @R TN B YGYHRIEE = fuwn-g
SL IFE IE“HI E I- 1
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Accumulator Revisited (proper timing 2/2)

i * reset signal shown.
[ = Also, in practice X might
not arrive to the adder at
: — the same time as S, ,
| e - 5, temporarily is wrong,

| eSSt — Re ._-q—-'..'.h but register always
o captures correct value.
Se-i
= In good circuits,
instability never happens
ws-!.r"'_ [ | e around rising edge of clk.
T P o B g R o 0 o B
S WA ® [Fo oY X K e Lelets-q,
i ‘:ﬁ!':‘,q‘“hdI’:[Ly-ti:{‘fI
St ET e O X
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Pipelining to improve performance (1/2)

Extra registers are often added to help

£ 1 speed up the clock rate.
' T a—

| resste
i‘j{ wwputs Timing

ax LT L

mputs 17O | Tty [ (i+2)
ol A | ___lfl}_]L i+ )
R: |

R;'_t ?.L—l l { LY 'rtu_-‘b

MNote: delay of 1 clock cycle from input to output.
Clock period limited by propagation delay of adder/shifter.

CRENE L2 Varileg / Slate Elermadta Wasrmynek, Fall 507 B LCA




Pipelining to improve performance (2/2)

« Insertion of register allows higher clock
at O r}:_‘ﬁh frequency.
[__i_ B K' SeedTS o More outputs per second. Timing
+ " r . " — ! '-‘_ L LI
s o 1] i b S i

rear [ egeker 4 —_
s =S S 7y, Uy (i )
By 43 o e G ]
x| e e
E -l - I:: z I_h‘li_ !:ﬁ_".-[ :i L__
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Finite State Machines (FSM) Introduction

* You have seen FSMs
in other classes.

* Same basic idea.
o odT

* The function can be
represented witha
“state transition (<TaTE
diagram”.

* With combinational
logic and registers,
any FSM can be
implemented in
hardware.
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Finite State Machine Example: 3 ones...

FSM to detect the occurrence of 3 consecutive 1's in the input.

Turut _wi|1a|.,|155_]1'| e el e

outhsT o M\ i iy H . T
Draw the FSM... _ o), —~

Assume state transitions are controlled by the clock:
on each clock cycle the machine checks the inputs and moves
to a new slate and produces a new output...
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Hardware Implementation of FSM

... Therefore a register is needed 10 hold a representation of which
state the machine is in. Use a unigue bit pattern for each state.

] ol e

presedl (P
- . i - - .G [ . B
Combinational logic circuit is NS —— OUTFUI
used to implement a function Yeq
maps from prasent sfate and P SR
input to next state and oufput. | 1
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Hardware for FSM: Combinational Logic

Mext lecture we will discuss the detailed implementation,
but for now can look at its functional specification,

truth table form. Let: S0 = 00
il e S1=01
| i S2=10
- 3
=S Truth table...
{ ——rowmA PS [ Input | NS | Output
o (1) 00| 0 jJoo| 0
. 0| 1 Joi| o
Irﬁlf?ff_ra’“-_ -x‘ 'D'I |:| GD | D
lr'l:}..,:‘;'_.-' fo e " I_F:‘_-\-\.\‘ '[:H 1 -ID | D
! . e v 10| o Joo| ©
“ a H_; 10| 1 | oo 1
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Peer Instruction

A. The function of the accumulator
circuit could be replaced by one that
operates in a single clock cycle.
(Assuming all X inputs are available
at the same time)

B. A “hardware” stack could be built
with nothing but registers. ABC

: FFEFE

C. You can build a FSM to signal when 2: =1
an equal number of 0s and 1s has Al el
appeared at the input.

+ FTT
+ TFE
+ TET
s TTE
= FLT

OO =] oy O s Lad N3

CHEND 122 Varikey ¢ Slale Elermanta Warezynek, Fal 7007 2 UCh



“And In conclusion...”

« Verilog is used to describe and simulate
hardware.

» Simple sub-set used in 61c
« D-flip-flops used to build registers

* Clocks tell us when D-flip-flops change
»Setup and Hold times put constraints on use

*We pipeline long-delay CL for faster clock

* Finite State Machines extremely useful
*You’ll see them again (150,152) & 164
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