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> Timing closure is the process by which a logic design
(sequential + combinatorial gates) is modified to meet its
timing requirements.

Introduction

> Semi-custom logic designs meeting timing closure via
Static Timing Analysis (STA).

- Timing requirements are translated into static timing
constraints to the EDA tool.

— Models including accurate timing characterization
» Lack of systematic timing closure in AMS designs.

— No timing requirements in place.

- Models do not include any timing characterization.

— Timing issues detected very late in development
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Goals

» To extract timing requirements from full custom
designs

» To characterize the timing of standard cells at
System C level

— Delays
— Timing constraints

> To perform a simulation-based timing analysis in
order to fullfill all timing requirements.

» Ultimate goal: To develop a static timing anaylis tool
to be applied in AMS designs in early development
stages.
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Timing basics in digital systems

> Most common sequencing elements are

latches and flip-flops
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FIGURE 10.1 Latches and flip-flops

Digital flow rules: Synchronous
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Semi-custom design flow

STA evaluates automatically all timing paths
Intrinsic gate delay derived from the library

Loads are either estimated statiscally or derived from the
floorplanning.

Timing information available in the early phases of
development
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FIGURE 14.20 RTL synthesis flow

Source: CMOS VLSI Design, Neil H.E Weste
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AMS design components
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>  Semi-custom logic (digital part)
composed of:

— Logic gates
— Sequential gates

— Flip-flops

>  AMS designs composed of:

— Analog part

— Full-custom logic: Timing
provided in Liberty files

- Analog blocks: Timing
characterization has to be
calculated

— Digital part: Timing closure
determined by STA tools

)

Full-custom logic (in the analog
design flow) composed of

— Logic gates

— Sequential gates
— Flip-flops
- Latches

- Special cells
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Full-custom design flow
> Extracted simulation at system level late in the development phase

» Simulation is required

— no timing analysis tools available

(infineon

— Potential failing scenarios have to be identified in advanced
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Timing-aware models
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> System C models with 4-value data types _ _
Delay Path Load Capacitance [fF]
. <] 5 | 10 | 25 | 50 | 250
> Delay included CP — QN || || 403 [ 422 | 473 | 552 | 1.18e+03
TP = QN1 || 443 | 463 | 519 | 613 | 1.358+03
» Time stamps taken at every event s =
> Automatic checks on Constraint [=] MPW value [77]
Check typ CP (L) 173
~ Setup and hold time D semp CP N T 774
D setup CP { 159
O i hold CP 742
— Reset recovery and removal - =
L . RM 7 remowval CP 263
— Minimum Pulse Width
ST o [ [ LT PO T L L fememi] | et | [ |
O...emC.i A CSFD2QN.RN 1 < 16pe-12 < 15ge-12
...emC.i A . ©134e-12 e-12
H...temC.i_A_CSFD2QN.D 1 69.84e-9;1 g 89.842e-9; 1 e 109.9¢-9; 0 129.9¢-9: 0
H...mC.i_ A CSFD2QN.QN 1
50&-9 7568 100e-9 125e-9 150e-9

> Limitations
— Manual set of timing parameters

— Only valid for one corner
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Liberty Files
Open Source ASCII format to specify:

Driver M Input A Ouput Q

waveform Input B Output QB
- pPVT Characterization . awEs
- Relating Input and Output chracteristics . cutput lond

- - Timing Characteristics
- Tl min g 20% oo «Cell Rise/Fall
: 3 +50-50% time delay through cell
: 4
30% |- [ cell f"‘"n AN “Rise/Fall Transition
- P O W e r P (B0%~>850%) P *Waveform transition, 30-70%

AT input slew fall transition ~ time

—_ N O | S e (30%>70%) (70%>30%)

Cell delays/constraints depending on:

Joseph A. Elias, Ph.D, University of Kentucky, Adjunct Professor, ECE Dept; Cypress Semiconductor MTS

- Input slew
[pin (EEE

— Output load A Delay Data

Delay Path [ Load Capacitance [[F] |
Ips) [ s [m]2s[s0] 250 |
CP = QN 472 [ 473 | 552 | 1.18e+03
CP{=QaNTf 463 | 519 | 613 | 1.35e+03
RN 1= QN7 286 | 343 | 436 | 1.18e+03
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AMS Timing Closure Automation
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> Limited verification environment

>

Infineon

i

Coming next...

TestBench(exe)

_ . . DUT
No input constraints DRIVER

oM
— No system-level checks -

Timing

— Simulation-based environment MONITOR DELAYS | | CHECKERS g

UV < files
o

PARSER

lib
files

Formal static analysis

— Automatic calculation of timing parameters based on output load and
input slew

- Formal Timing analysis based on system properties:
— Cell delay

— Standard-cell timing constraints
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