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Verilog

Module #1
HDL for simulation and synthesis
Basics of Timing Design
Event-Driven simulation
Zero-delay modeling and behavioral

simulation, Delta-T delay

By
Gandhi Puvvada
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HDL

HDL = Hardware Description Language

Two HDLs: Verilog and VHDL
-- Simulation

-- Synthesis
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Engineer Technician

Engineer is reposnsible for design Technician is reposnsible for design
and design improvement. detailing (DPU, CU. Timing design).
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CAD Tools to

synthesize
8 rOI.. dl‘. quam Now, CAD tools do what the

skillful experienced technician was

("im RT L doing 30 years back. CAD tools

can do much more tirelessiv!
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Pure Synchronous Design

Single Clock, all registers use the same edge of that single
clock.

Design can be viewed as a bunch of registers with
combinational logic in between them.
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Note: Source registers themselves
may be about to change!

State machine _ Counter
State Memory

7 1Q
Next State Eq/':xm

Logic Q)
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Timing Design

Setup time Margin = t -ttfPD(max) - Lcomb(max) - Lsetup(min)

Hold time Margin = PD(min) T tcomb(min) ~ thold(min)

X (P
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Synthesis

C N\
R (COMPARE '\
STAR] d UPDATE)

(INITIAL)

X <= XIN; HX>=Y
Y <== YIN; X<=X-Y;

Q<=1




Synthesis

Divider -- Mealy machine design

T ——
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Synthesis

[ wraditionsl divigion |/ Division between DPU and |
between DPU and CU CU for HDL coding
OFL (combinational logic) OFL (combinational logic)
is in the CU. is moved to DPU. It is
NOT coded explicitly.
The OFL 1is implicit in the
DPU’s RTL in the CASE
statement.
g DPU ) DPU
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] Current_State - <
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[ Current State
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| CcuU |
,/I % J




Page 12 of 54

case (state)
INITIAL :

begin

// state transitions in the control unit
if (Start)
state <= COMPUTE;
_________ - // RTL operations in the Data Path
X <= Xin;
y <= Yin;
Quotient <= 0; o

end
""""" COMPUTE :

begin -
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Engineer

Engineer also needs simulation tools to verify his large complex designs.

Cycle-based Simulation

Even-driven simulation

Does the engineer follow pure synchronous design using a single-clock?
Then cycle-based simulation is good enough and is also fast.

Or does he have multiple clocks in his design and does he use gated-
clocking, latch-based design using the two phases of the clock, etc.?
Then event-driven simulation is needed.

Event-driven simulation, though a little slower will cover all situations (pure
synchronous designs as well as designs deviating from pure synchronous
design methodology). Clock-gating became common in current design to

save power. Also you want to perform timing simulation of the synthesized
(after place and route) design to gain confidence of the synthesis process.



Ordinary programming
languages are sequential In
execution.

But Hardware is concurrent.

So HDL (Verilog or VHDL) is
concurrent.

==> Event Driven simulation



Haovrd uwoee
LA
concumrrant.
A HDL Zhrodd be able G
he olde G
I’L P 1“2 AS n.l. g Pr e AL VR
ThaX concurn.ni‘

nalure of Harduare.

Page 15 of 54



Page 16 of 54

Glicdo covhbinalional (oaic,

g
" STATIC — 4 HAZARD
LTy -
S
2
%..,é feosuses:

i —of HARARD
e Staric ~



Page 17 of 54

e m—
glifeh in boTh cases 9




Page 18 of 54

— b S :
— £ xok =)
An,  xNOR —_f.é_)o—
.: rx\ X NOR ——;31}_
é :T}:if_maub
______________ amign  C = v—é&#&)




Page 19 of 54

| ~ Concmryaml

| OL%C%Y-TC‘DJ | Ovob.rdovi nof—

a7



U oranic — 4 HARARD

Page 20 of 54




Page 21 of 54

TULS[€3A <ol — et
fEl— = }{.,fjt)uﬁx‘a.___

o T
Alac

iy

- 55 o | R s i A
— K ey y all 20+ Cao.tﬁ,,

0

‘Q {-{-'

bivadieral foat
O
[5
|__m
|
g’

‘ ) S L P _Qﬁduﬁwgtnmuu
 QAehes axe




Page 22 of 54

& veNT DRIVEN
S ivmuloli on sk W

CONCURRENT
Alalimants

Ordux of mvaﬁmr& JAVN'3-T)

20 + Rk oﬂ mﬂ.mt% doaﬂ ﬂof WGIEr.
11'/\41.3 avre < eonecurvunmt .f




o>

Page 23 of 54

D O.tq {&ow .moM

O.Mt.éam Y= AK&R;| Ordar Joes not

MLC{Y\ ho= S 14 nallee as i

Aaltonants
~ QGxe CONCURRENT.




Page 24 of 54




Page 25 of 54

Event-driven simulation

Freezing simulation time and executing
the active concurrent items, one after
another,

In the event-driven simulation

Theater Curtain. Stage Curtain. stock video

IS similar to

drawing curtain and rearrangin -
stage (if only we can freeze the
audience)
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Theater Curtain. Stage Curtain. stock video

Scene 1

Theater Curtain. Stage Curtain. stock video

Curtain drawn =

Freeze simulation time and
evaluate all active processes

Theater Curtain. Stage Curtain. stock video

Scene 2
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RIGHT-SHIFT register

1 O |
Sin A @A g @3 <
DO@ by BN | Q = DO@
Ly -—>CLK CLL/-—}CLK CLK-——}CLK
A B C

Current confairt = 040

Naw Conlant =

110! 1

Page 28 of 54

O



RIGHT-SHIFT register
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1 O I O
Sin A @A g @3 < @c
DO@ el | Q - DOQ-——-—
CLvY —7>CLK CLL/-—>CLK CLK-——}CLK

[ ooks Like a PACE
Condi [ion |

Copyright 2008 Gandhl Puvy

50



RACE
Condilion ___

S
P

a condilion Rat Produaos
m“_dd'grminisrc voluss




Grc—uif I'Ro:l' Produa,s
Y\O\r\-do.'lirminim values A

O 3ood l

Copyright 2008 Gandhl Puvysds



Sin

CLy —

paeis 4

C’Ll:‘-j

oLk

s C
CLe—PCLX

Shigt one bit afa EW?

CopyTight 2008 Gandhl Puvy

5



Sin A @A B ®3

D Q) N O

CLe —>CLX C’LE-—-‘>E|L -

Shigt one bit ata lima 7

.’t mr'“; buf. o

-

Qe

D @

L s
P

oLy

T —

Page 33 of 54

At W£) .t Tokesa 32 clocks

o right- skift by 1 bil

(n O 39 -bit Bhift aq;A’ir_

Copyright 2008 Gandhl Puvvada



1

RIGHT-SHIFT register
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RIGHT-SHIFT register
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TIMING Design avoids race
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TIMING Design avoids race
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Static Timing Designer
(in synthesis and implementation tools)
performs
millions of these timing checks
to ensure that there are no RACE
conditions!

Static Timing Analyzer (STA)
Static Timing Analysis (STA) all Same
Static Timing Designer

Copyright 2008 Gandhl Puvvsds a0




 Static Timing Designer ....

But then, during initial
behavioral simulation, we do
not state any delays in our

code! So, our ZERO delay
coding will fail?!?

Copyright 2008 Gandhl Puvvsds




Yes, that 1s where the
non-blocking assignments
with delta-delay
save the day!

Q0 +AT > 200 &
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The delta-T concept in HDL
(Verilog or VHDL) is very
fundamental and important.
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RIGHT-SHIFT register
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74LS[63A ‘...

EN | LOAD CLR 1l
~ LoadValue

Qp#ﬁ-égw; c:{) T

Combinalisval fogie 4-bit Ragiater

~always (@ (posedge clk)

begin : COUNT BLOCK
if {clr)

o= IB00R G
else if (load) enable controls

Q <= BA; __--not at gate level
else 1f (en) - --not at MS| level

Q <= Q * 1 ’ — but behaviorally using if .. else statement in

a procedural "always" block.
end . P Y
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Cycle-based Simulation

Even-driven simulation

For initial behavioral simulation with zero delays, cycle-based simulation is
much faster but such simulation is valid only if the designer followed pure
synchronous design methodology using a single-clock.

Event-driven simulation, though a little slower will cover all situations (pure
synchronous designs as well as designs deviating from pure synchronous
design methodology). Designs involving clock-gating, multiple phases of clock,
require event-driven simulation even for the initial behavioral simulation with
zero delays. Also we want to perform timing simulation of the synthesized (after
place and route) design to gain confidence of the synthesis process. If the STA
(Static Timing Analyzer) has done a good job, then glitches in the
combinational circuit output should have died down by the time the next clock
edge arrives. Event-driven simulation can show glitches and when they died



