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Why Timing Analysis?
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imunities...

erformance of a design
s free of violations
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ng Analysis

f validating the timing performance of a design
ng all possible paths for timing violations.

Timing Analysis

Ines the full behavior of the circuit for a given set o
Stimulus vectors
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ages and Disadvantages

, Ing Analysis
o - .
rastislDccause it IS not necessary to simulate the

Empowering Communit es

@peration of the circuit

check the timing, not the functionality

ic Timing Analysis
AN check the timing and the functionality

DNSUMes more run time
pendent 6n stiffitlus vectors




the Timing Analysis is Done?
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ate-level design (free of timing violations) -
ent and routing (accurate delay information or
ed parasitic information)

d - back-annotated the design results in a layout-
urate timing analysis
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Static Timing Analysis
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8Wc| netlist (.db, Verilog, VHDL); delay
ation in SDF format; timing constraints in
0sys Design Constraints (SDC) format

S the design timing using information
ided In the technology library

Ing Models
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Timing Checks performed:
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Sl old, recovery, and removal constraints
ecified data-to-data timing constraints
fating setup and hold constraints

um period and minimum pulse width for
ks

gn rules (minimum/maximum transition time,
\pacitance, and fanout)

5 contention and floating net conditions
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tic Timing Analysis (Violation
Checks)

Mlihe breaks the design down into a set of timing
calculates the signal propagation delay along

path, and checks for violations of timing

aints inside the design and at the input/output

ace.
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, Timing Paths

BaglRll has a startpoint and an endpoint.

UNIVERSITY

point Is a place Iin the design where data is

ed by a clock edge. The data is propagated through
ational logic in the path and then captured at the
pint by another clock edge.

artpoint of a path Is a clock pin of a sequential

ent, or possibly an input port of the design (because
Input data can be launched from some external
urce).

2 endpoint of a path Is a data input pin of a sequential
lement, or possibly an output port of the design (because
e output data can-be captured by some external sink).
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How many timing paths?
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How many timing paths?

Centurion Vil Path 2 Path 3
UNIVE
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1 starts at an input port and ends at the data input of a sequential

ent.

2 starts at the clock pin of a sequential element and ends at the data
t of a sequential element.

h 3 starts at the clock pin of a sequential element and ends at an output
1.

th 4 starts at an input port and ends at an output port.
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tional logic cloud might contain multiple paths.

meTime) uses the longest path to calculate a
Sl delay or the shortest path to calculate a
UNIVERSITY del ay.

ath (a path from a clock input port or cell pin,
Jh one or more buffers or inverters, to the clock pin of
uential element) for data setup and hold checks

gating path (a path from an input port to a clock-
g element) for clock-gating setup and hold checks

chronous path (a path from an input port to an
lynchronous set or clear pin of a sequential element) for
‘covery and removal checks

ical Path (path between an input and an output with the
aximum delay) for finding the maximum frequency
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Delay Calculation
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“Femotdl delay of a path is the sum of all cell and
lays in the path
2lay

lay Is the amount of delay from input to
but of a logic gate in a path

Delay

delay Is the amount of delay from the output of
cell to the input of the next cell in a timing path
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Constraint Checking
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S EI constraint specifies how much time Is

sary for data to be available at the input of a
ntial device before the clock edge that

res the data in the device. This constraint
ces a maximum delay on the data path

Ive to the clock path.

d constraint specifies how much time Is
essary for data to be stable at the input of a
guential device after the clock edge that
Aptures the data in the device. This constraint
forces a minimum delay on the data path
lative to the clock path.
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Constraint Checking
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Areram@ LNt of time by which a violation is avoided Is
he slack. E.g.: for a setup constraint, if a signal
each a cell input at no later than 8 ns and Is
Ined to arrive at 5 ns, the slack is 3 ns.

of 0 means that the constraint is just barely
fied.

pative slack indicates a timing violation.
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p and Hold Checking for
Flip-Flops

Data path FF2
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Ime assumes that signals are to be
agated through each data path in one clock
e.

efore, when PrimeTime performs a setup
eck, it verifies that the data path delay is small
ough so that the data launched from FF1
aches FF2 within one clock cycle
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p check: PrimeTime considers
» longest possible delay along

e data path and the shortest
0ssible delay along the clock path
etween FF1 and FF2
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Combinational

| - \/_ Logic
= T =

eck: PrimeTime verifies that the data launched from
eaches FF2 no sooner than the capture clock edge
e previous clock cycle.

eck ensures that the data already existing at the input
F2 remains stable long enough after the clock edge

t captures data for the previous cycle. PrimeTime
siders the shortest possible delay along the data path
d the longest possible delay along the clock path

tween FF1 and FF2. A hold violation can occur if the

ock path has a long delay
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&Y Timing Exceptions
(o1 at are not intended to operate or different.

UNIVERSITY
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ath — A path that is never sensitized due to
gic configuration, expected data sequence,
erating mode.

cycle path — A path designed to take more
AN one clock cycle from launch to capture.

Imum/maximum delay path — A path that must
eet a delay constraint that you specify explicitly
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Timing Analysis Example:
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A 11ns U5 U6
> * \\)Y—
u7
_ - 6 ns
Ul ._' us Uz 9 ns
D D Dol
N © U4 > .
C
DEFEs
Tsu=3ns
U3 .
CcK Ue 1s Thd =4 ns
—L Te2q=5ns
2 ns
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A Timing Example

T e 6 1ns
U1 - U2 O ns
*— ]
D ) D 51
0 Q
- U4 [P
C C
DFFs :
Tsu=3ns
3 <
cK U8 s Thd =4ns
4{; Telg=>5ns

Timings

Max Register to Register Delay
U2Te2q+U3 Tpd+Ul Tsu= 5+8+3=16ns

A setup time = Tsu + A2D Tpd max - Clk Tpd mun
=Tsu+ (Tpd U3 + Tpd U7) - Tpd US
=3+(8+1)-2=10ns

A hold time = Thd + Clk Tpd max - A2D Tpd mun
= Thd+ Tpd U8 - (Tpd U4 + Tpd U7}
=44+2-(7+1) = -2ns
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A Timing Example
I ns Us 176
Y
— .
G _:)—Dﬁ
U1 /15 U2 O ns ous
*— ),_
D D o[ ?
Q us [P
C C
DEFs :
T - Tsu=3ns
cK U8 U3 s Thd =4 ns
4{; Telg=>5ns
2ns
Timings
Clock to Out
= U8 Tpd + U2 Te2q + U5 Tpd + U6 Tpd
=2+5+9+6=22ns
P to Pin Combinational Delay (A to Y)
= U7 Tpd+ US Tpd + Us Tpd
=1+9+6=16ns
Max Clock Freq = 1/ Max (Reg2reg. Clk20ut, Pin2Pin)
=1/ Max (16, 22, 16)
= 455 Mhz
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How do we improve timings?
Register all Inputs. Outputs! h
1 ns Us. DEE Us Us ]
b ’ “
U7 7 [ 6 ns
U1 [ U2 9 1ns
L = _
D } Do
- U4 > ) U9, DFF
C
C
*
< DFFs -
- U3
CK U8 - Tsu=3ns
i Thd=4ns
2ns _ o
Tc2q=5ns
Max Freq = 1/17
= 58.8 Mhz
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New Timings

Max Register to Register Delay
U2Te2q+US Tpd+U9Tsu= 5+9+3=17ns.

A setup tume = Tsu + A2D Tpdmax - Clk Tpd nun
=Tsu+ (Tpd U7) - Tpd U8
=3+(1)-2=21s

A hold fime = Thd + Clk Tpd max - A2D Tpd min
= Thd+ Tpd U8 - (Tpd U7)
=4+2-(1)=5ns




Timing Models
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Atniesm odel contains information on the timing
teristics, but not the logical functionality, of a
hdule.
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Ing model - approximate timing model, useful
he design cycle
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IEEEEEEer Mmodel - discards all of the logic of the original
And replaces it with a set of timing arcs between
Inputs, and outputs

ce logic model - preserves the interface logic of the
nal netlist and discards the internal register-to-register
Cc that has already been verified at the module level

P model - a timing model defined in a descriptive
\nguage, either written manually or translated from a
ming description in another form
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Advance Features

and clock frequencies

alysis (analysis with module-specific operating modes, such as read
or write mode for a RAM module)

eck analysis (reporting of cells that cause the most timing violations)

if” analysis without modifying the original netlist, using inserted buffers,
zed cells, and modified nets

IS of crosstalkeffectdBétween physically adjacent nets using the
ne Sl (sianal intearitv) option




est topic In the area of timing
Senturion an aIyS I S
SIENSHen | Static Timing Analysis

Istical models for gate delays are built by
ning the delay behavior of the gate at

ent values of the parameters influenced by
ess and operating conditions.

2ss: Fabricated device and interconnect
aracteristics (variation in the effective gate
gth, doping concentration, oxide thickness etc

Brating conditions: Uncertainty In |
vironmental conditions during the operation of a
hip (power supply and temperature fluctuations
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hank You
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