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Digital Systems: Quick Review
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Digital System
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* Transform signals that can be abstracted as
discrete in range and domain

Voltage

2AV
AV
0

A

-+
e

-

0

T T T > time
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Analog & (yé/.) Digital
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* Analog Circuits Advantages
— Require less devices

— Better to deal with low signal amplitudes
— Better to deal with high frequencies

* Digital Circuits Advantages

— More “adaptable” (e.g. microprocessor)
— Design can be done at a more abstract level
— Better economic

talarico@gonzaga.edu




UUUUUUUUUU

Types of Digital Circuits

* Combinational
The value of the outputs at any time t depends
only on the combination of the values applied at

the inputs at time t (the system has no memory)

* Sequential
The value of the outputs at any time t depends
not only on the values applied at the inputs at
time t but also on the past sequence of inputs
that have been applied to it
(system with memory)
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C.L.: effect of gate delays

* The analysis of combinational circuits ignoring delays can predict
only the steady-state behavior of a circuits. That is they predict a
circuit’s output as a function of its inputs under the assumption
that the inputs have been stable for a long time, relative to the
delays into the circuit’s electronics.

e Because of circuit delays, the transient behavior of a combinational

logic circuit may differ from what is predicted by a steady-state
analysis.

* In particular a circuit’s output may produce a short pulse (often
called a glitch) at a time when steady state analysis predicts that
the output should not change.

talarico@gonzaga.edu 5
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C.L.: Timing Hazards

e A glitch is an unwanted pulse at the output of a
combinational logic network —a momentary change in
an output that should not have changed.

e Acircuit with the potential for a glitch is said to have a
hazard.

* An hazard is something intrinsic about a circuit; a
circuit with hazard may or may not have a glitch
depending on input patterns and the electric
characteristics of the circuit.
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When do C.L. circuits have Hazards ?

* Hazards are potential unwanted transients
that occur in the output when different paths
from input to output have different

propagation delays
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Types of Hazards (on an output)

: 1 1 The W{P{ una’ergaes
A Momen a/(j
= Trans(fion when it
0 0 0 IS WCOT&@/ +o
- ,
(a) Static 1-hazard (b) Static 0-hazard remeen MHO/'?an?Cd

1 1 1 1 The ou%pufc,%angu
L mulh'ple fimecs ac
Yhe result of A
SI'MjIO, /'npui'

Fransi i on

(c) Dynamic hazards
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Detection of Static 1-Hazards

Critical Path y

A=0 o 0—>»1 AB
B=1->0 So— n1 o\ 00 01 11 10
Y=1>0->1 0 F 5 0 0

i n2
C: 1 / 1->0 ; 1 ;—1 1 .
Short Path  ["AND-OR circuit Z Y=A7§+:3c
1-hazard

EAWS |
\ Basica ng because of

gete delays for a moment

2 A\
! \}\ when B changes s not

true that B+RB= |

ni
N Temporacy vieolation of
y \ '« glitch poracy
-y ] Complementary
Time > law .

© 2007 Blsevier, Inc. All ights reserved
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Removing Static Hazards

 The fundamental strategy for eliminating an hazard
is to add redundant prime implicants (extra prime
implicants won’t change F, but can cause F to be
asserted independently of the change to the input

that cause the hazard).

A=0 1->0
Y _AB —
c\ 00 01 11 10 B=190:—E:‘_
N 021 T\ 1

jooDi S g

— _ _
AC Y=AB+BC+AC

circuit with hazard removed
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Detection of static 0-Hazards

example: A=0, B=1, D=0, C=0—>1
- critical Pa'H;

0-hazard (one of four)

at 5 ns, 0—1 (

C

W

\at 10 ns, 0->1 00 .‘ 0
PINV= 3ns A o+H O

o Hfo | o -
: )
tepr= 5ns | D— : —}Z 1 _Jjo-

B at 15 ns, 0—1 H
tp - gns at18ns, 190 |

X at13 ns, 10

OR-AND circuit at8ns,1->0 . S—

(@) Circuit with a static 0-hazard (b) Karnaugh map for

circuit of (a)

Basica!l? because of|

541-2. de ays ﬁr a W F-': (’4+C)'
moment when (. WY
chan?cs is not true | * (T-f)
that CeC = 0 Y | (B+c+D)
. . Z .ﬁ
Tempor‘afy V/O/ahon 0 5 8 10 13 15 18 20
Of cvmplcmwf'a r“t/ law (c) Timing diagram illustrating O-hazard of (a) 11
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Removing Static Hazards

The trewet has

AB p—— oTentiad
coN 0 o1 11 10 2P
00 /0 ‘\0\} : hﬂ%ﬁt’a{S
— +hat must bé
' 70 | o) r
o i @ | Ol 0 0/ e | 6MOV-@0”
11 ‘00| o g o
:f'_ F=(A+C)(A+ D).
J[I@mol || e

b e " m-- - -
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onh one type of hazard !

* A properly designed two level AND-OR circuit has no static 0-
hazards. A static 0-hazard would exist only if both a variable
and its complement were connected to the same AND gate,
which would be a nonsense (A-A’-X=0)

* A properly designed two level OR-AND circuit has no static 1-
hazards. A static 1-hazard would exist only if both a variable
and its complement were connected to the same OR gate,
which would be a nonsense (A+A’+X=1)
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Dynamic Hazards

If there are 3 or more paths from an input or its complement to the
output the circuit has the potential for a dynamic hazard.

Three or more paths from an input or its complement to the output
can exist only in a multi-level networks. This means that dynamic
hazards do not occur in a properly designed two level AND-OR or
OR-AND network.

Analysis and elimination of dynamic hazards is a rather complicated
process.

If you need a hazard free network, it is best to use a 2-level
network and use the techniques shown earlier to eliminate the
static hazards.
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Dynamic Hazard Example

1t Takes /onj before The ow{‘PJ swith

: slow /
\A ~. 001
B_0>1

—D 101

10 —
\B — 10
c 1 ) :\/ 1010 .
A L SN\ 1110
5120 1)/ =

it taKes vety long b{;ﬁar&

very slow The om‘f‘pux switch

Al gafcs are ideal (very fast) except
a Sslow AnD 800‘?- auqd a very S/ow Ok 9@1'6
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Hazard-Free Design

Best way to deal with hazards:
structure the design so that you do not have to worry about them !!!

A well-designed, synchronous digital system is structured so that hazard
analysis is not needed

Register Transfer Level (RTL) topology

* In asynchronous system, all the inputs to a combinational circuit are
changed at a particular time, and the outputs are not looked at until they

have time to settle to a steady-state value.

talarico@gonzaga.edu 16
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Timing Issues in S.L. circuits

 Set-up Time
e Hold Time
 Clock skew

CLK

D

Q

()

1['WIIN CMOS positive-edge-triggered D flip-flop
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Setup/Hold Time

- T

su : Th :
input / <——>\

clock T

 Aninput to a flip flop can be validly recognized only if:

— it is stable before the clocking event for a minimum time
interval Tsetup and

— it is stable after the clocking event for a minimum time
interval Tholg

talarico@gonzaga.edu 18
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Setup/Hold Time Violation

* Itis dangerous to allow input signals to change very close to
the sampling event (that is the active clock edge)

* If setup or hold time constraints are not satisfied, the input
maybe interpreted as a 1 or a 0 or some unrecognizable value
between 0 and 1 (metastable value)

-L-ngi'r: 1

f_,_w-"’
P

7N

//
[

Logic O

Time —
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Timing Constraints in S.L. circuits

FF1

FF2

A ot B
din 5 a comblgzlizonal

D Q
»C

clock —?->>C S

—> dout

Let’ s assume din is applied in a way

satisfies setup and hold time for FF1, and

let’ s examine what happen to FF2

talarico@gonzaga.edu
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Timing constraints in sequential circuits

P
FF1 /l_\ FF2
A nafi B
dn —>D Q5 D Q[ —>dout
/ logic
pC

clock -T-> ter1 —>pC
<.........................................)
Tclock Tsu2 Th2
clock | :
din
A
B | :
trr1 tp trrq tp
< ...... >< ............... > < ...... >< ............... >

Setup constraint trr1 + t < Talock — Ty trre + 6 > T, Hold constraint
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Timing constraints in sequential circuits

P
FF1 /F\ FF2
A nafi B
dn —>D Q5 D Q[ —>dout
/ logic
pC

clock -T-> trr —>PC
Telock Tsu2§
clock
din
A
; o |
SIRER CHE A
&ornnee >.< ............... >:

Setup constraint trr1 + tp < Talock — Teyn
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Timing constraints in sequential circuits

P
FF1 /F\ FF2

A

X
logic

—>dout

cIock-T—) She
Tclock ;Thz
clock
din
!
: IR
et © o
&ornnee >.< ............... >

trre + 6 > T, Hold constraint
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Max/Min delays

i T
tp
o N R

A ot B
dn —>D Q5 D Q[ —>dout
/ logic
pC

clock 1—> tr >bC

Setup constraint trr1 + t < Talock — Ty trre + 6 > T, Hold constraint

* Unfortunately, delays through gates are not constant. Delays change with:
— Supply Voltage, Temperature, and Manufacturing Process

* Setup constraint is more difficult to satisfy when delays are max (Vyp|, T 1, PT)
* Hold constraint is more difficult to satisfy when delays are min  (Vy,1, T |, P {)

_| I: Vol 2 Vg | 2 Iyl = it takes longer to charge C,

T 2 ul| 2 B| =2 I |2 it takes longer to charge C,
Ids = B(Vgs — VT)? 24




AMinimum Clock per}for a Sequential circuit

max freguen
Mwﬁnci? %Zy

cveeult can
OF&V'MC

Minimum clock period (tyy)

~

r
I |\ JI\ JIL 1'

Flip-flop Combinational Setup time
propagation circuit delay {1
delay (t.)
(tp)
Active edge Q D Next active
of clock Outputs Inputs edge of clock
stable stable

Minimum Clock Period for a Sequential Circuit

f

makKe sure 1o c{)mlpufe 7 Wﬁ% MAX "/@/“‘/5




Clock skew
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In this example if
clockO=clock

FF2 is violated

P
FF1 /r\‘ FF2

tskew

>

clock0

in —s|D Q combinational B D ql—>dout
In 3 )
(no skew) setup at dock 1 L / ter s logic

N

skew
clock0 v
tskew

= clock

>PC

clock1

clock1

P TOh 3 Tho

Positive skew makes easier
to satisfy setup constraint:
tFF1+tP < Tclock_Tsu2+tskew

Positive skew makes more
difficult to satisfy hold
constraint:

trrr + t > Tppt+tskew

26
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Design Abstraction Levels

>

Abstraction

_|

Transistor Level

RTL SW
RTL
System Level
B - Register
Transfer Level
Gate Level (HDL)

1970 >| 1980 >| 1990 >| 2000+ >
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Moore’s Law

* In 1963 Gordon Moore predicted that as a
result of continuous miniaturization transistor
count would double every 18 months
— 53% compound annual growth rate over 45 years
— No other technology has grown so fast so long

— Transistors become smaller, faster, consume less
power, and are cheaper to manufacture
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The Design Productivity Gap

10,000,000| === [ ogic Transistors/Chip , 100,000,000
o
'(..-:: A0 1,000,000, Transistor/Staff Month 10.000.000 =
—
c
@ 100,000 58%/Yr. compound 1,000,000 o
3‘ Complexity growth rate = E.
s 35u 10,00 100,000 "> 4=
'.‘;; e B ‘.6 -0‘3
— 1,00 10,000 =7
- T ==
= o w
© 100 1,000 =
= O ©
—
L 55 10 21%/Yr. compound — 100 =
o 251 .
o Productivity growth rate
= L e e e e A
-— o - SN = L O o oG >
x ¥ ¥ T £ 2 22 2 2T T = =
S 2222222228 888K
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e Designers rely on design automation software tools
to seek productivity gains and to cope with increased

complexity

Typical Design Flow

Logic <
Design

Physical
Design

Design Entry

Logic Synthesis
Pre layout verification

Floorplanning
Placement

Routing

Extraction

Post layout verification

« 0/4545% znt‘}y

1S In
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Types of ICS  pesigy sty

4

* ASSP Use * Full-custom

* Semi-custom
- Cell Based

0 00000000000000000 E 10 00000000000000000 O
(=] (=]
= - (=
standard-cell [= c base cell
aren ; : - Gate Arrays
|2 | 3 E D E
O O O
— 2 : = *
: e Programmable
oc _\-‘-‘-_-‘-‘“—"ﬁ E 0 E
[= = [=
: ; :
e = - CPLD and FPGA
00zin |0 g o 2 an
S00 um Q00000000000000000000C QJ00000000000000000000
Cell based Gate Arr'wy
a
rogramm able . [0
asic logic 2
cell 0
PLD PLD PLD PLD
Programmal ble Interconnect
PLD PLD PLD PLD -
programm able |G
interconnect
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Back ... to Design Abstraction Levels

Logic Equation

A A _
A5 TN Z=A-S+B-S
Z : 7
5 | 5~
S
S Switch Level Model
Functional Model S.
sV o
e\
\eN=

SN
S —4.—Do_’_

. 0% A\
SBD \)\(\\IS\CA

\S
DLSN De‘a,\&aﬁ\\.\w

Gate Level Model
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Truth Table
S A B Z
0O 0 O 0
0O 0 1 0
0O 1 O 1
0O 1 1 1
1 0 O 0
1 0 1 1
1 1 0 0
1 1 1 1

w
N
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... Design Abstraction Levels

Vee
A
o P T e
Sy
Bt 1
B
—C{ —_—
Another Gate Level Model =
_I o—1] Z
o )
B o ]
S o S5
-
Transistor Level Model
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... Design Abstraction Levels: HDL

library ieee; signal SN, ASN, SB: std_logic; A———] ASN
use ieee.std_logic_1164.all; s —W ,
library altera; begin -
use altera.altera_primitives_components.all;l U1: port map INV (S, SN); S E—
U2: port map AND2 (A, SN, ASN);

entity mux is U3: port map AND2 (S, B, SB);
port (A, B, S: in std_logic; U4: port map OR2 (ASN, SB, Z);

Z: out std_logic); end struct;
end mux;

structural coding
architecture struct of mux is
component INV is: \
port A: in std_logic; Highly discouraged coding style except to:

F: out std_logic); - implement hierarchy
end component; ] ] )
component AND2 is: - infer “special” logic blocks (e.g. SRAM)

port A, B: in std_logic;
F: out std_logic);
end component;
component OR2 is:
port A, B: in std_logic;
F: out std_logic);
end component; talarico@gonzaga.edu 34
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... Design Abstraction Levels: HDL

library ieee;
use ieee.std_logic_1164.all;

entity mux is

port (A, B, S: in std_logic;
Z: out std_logic);

end mux;

architecture rtl_conc of mux s
begin

Z<=AwhenS="0 else B;
end rtl_conc;

concurrent RTL coding

Preferred Style

library ieee;
use ieee.std_logic_1164.all;

entity mux is

port (A, B, S: in std_logic;
Z: out std_logic);

end mux;

architecture rtl of mux is
begin
process mux_p (A, B, S)
if (S="0") then
L<=A;
else
/<=B;
end if;
end process mux_p;
end rtl;

sequential RTL coding
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