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Introduction L/
Timing Closure

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

Semi-custom designs using STA

» Timing requirements are translated
into static timing constraints to the

EDA tool. Timing Closure in AMS systems

» Models including accurate > No timing requirements in place.

characterization _ o
» Models do not include any timing

characterization.

» Timing issues detected very late in
development
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Goals

STA tool for
AMS systems in early
development

Perform AMS

simulation-based
timing analysis

Include timing
of standard cells
at SystemC level
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Timing basics in digital systems

» Most common sequencing elements are latches o
and flip-flops DQ g
TC.
tcd

\ 4

Flip-Flops olk thg

[ =
,E 4-[ Combinational Logic ]—b

FIGURE 10.1 Latches and flip-flops

» Digital flow rules: Synchronous
» Basic timing contraints and delays systems based on FFs and constant
clock period —

> Worst case scenario known including PVT | o

> Systematic method to guarantee proper @

timing (STA) o
» Systems insensitive to PVT variations once L BRI
timing is guaranteed a v
(b)
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Semi-custom design flow L/

Liberty
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)

To Physical
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FIGURE 14.20 RTL synthesis flow

Source: CMOS VLSI Design, Neil H.E Weste Loads are either estimated statistically
or derived from the floorplanning.
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Full-custom design flow

Floorplan
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FIGURE 14.25 Mixed-signal or custom-design flow

Reliability Check

i

Chip or Module OK

Source: CMOS VLSI Design, Neil H.E Weste
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Extracted simulation at system level
late in the development phase

No timing analysis tools available

Potential failing scenarios have to be
identified in advanced
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AMS system components

Semi-custom logic (digital part) Full-custom Logic (in the analog part)
» Logic gates » Logic gates
» Sequential gates » Sequential gates
> Flip-flops » Flip-flops
» Latches

» Special cells

AMS System
> Analog part
» Full-custom logic: Timing provided by
Liberty files
» Analog Blocks: Timing has to be
characterized
» Digital Part: Timing closure determined by STA
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Timing-aware models

> System C models with 4-value data types

(infineon

Delay Path Load Capacitance [fF]
) =] 5 | 10 | 25 | 50 250
) Delay included CP{ — QN | || 403 | 422 | 473 | 552 | 1.1Be+03
CP{=0N{ || 443 | 463 | 519 | 613 | 1.35e+03
» Time stamps taken at every event RN ON7[266]285 3431 436 | 1.18e+03
) Automatic checks on Constraint [p=] MPW value [ps]
Check typ CP (L) 173
_ : D || setup CP 133 CP (H) 156
Setup and hold time 5 Tod R o RN D) 774
D it setup CP 1 159
— Reset recovery and removal D {t hold CP 2432
RM ¢ recovery CP -261
.. . RM < remaval CP 263
—  Minimum Pulse Width
c, x =69.84e-9 S50e-9 75e-9 100e-9 125e-9 150e-9
eresemee 0 L LY et L0 L Russa | Resear | [
O...emC.i_ A CSFD2QN.RN 1 < 16pe-12 < 15ge-12 STIeTS =73
B..temC A CSFD2QN.D 1 59.84e-9;1 4 89.842e-9;1 & 109.9e-9; 0 129.9¢-9; 0
W...mC.i_A_CSFD20N.QN e S
506-9 7569 100e-9 12529 150e-9
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Liberty Files

» Open Source ASCII format to specify:

OuputQ
Output QB

VA
Driver Input A
waveform Input B

- PVT Characterizaton

Input F Output Z
vz

Variable
output load

VA
- l \re a = Timing Characteristics

70% «Cell Rise/Fall
+50-50% time delay through cell

. H 30% cell fall ‘Rise/Fall Transition
_— I I I I I n g (50%—>50%) b

*Waveform transition, 30-70%

AT input slew fall lransiiiIOn time
P OW e r (30%>70%) (70%>30%)

— Noise

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

» Cell delays/constraints depending on:

Delay Data

f e = Delay Path Load Capacitance [[F]
IO [ps] 10 | 25 | 50 250
— Input slew it

CP = QN 422 | 473 [ 552 | 1.18e+03

CP i = QN { 463 | 518 | 613 [ 1.35a+03
RN = QN7 286 | 343 [ 436 | 1.1Be+03

timing

— Output load
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Liberty blocks
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Sequential std_cell

Hierarchical liberty
block

L2B
=

theded - 10
i_A_CSAN21 )
di_i AT i_A_CSLNR31
) fflos A z an2lo_s filtlo_s
clk_i
X rise_del = p.risel
rstn_|| IN fatt—det="5 i A CSEQ
q.o
i A CSEO21 i_glitchfilt_asym_logic2 i_A_CSANZ2I1
_A_CSFD2QP2 e L.
d2_i| IN - % [1i_sys_out_imp_scl
0Z0_s
ff2o_s rise_del = p.rise2 r=50.0
fall_del = 5 c=13.9e-15
Input cap of A_CSIV4 j
risel = 10 Output load
bl Full custom b
block
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flow chart diagrams

end of elaboration
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Liberty flowchart
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Achievements (afineon.
Automatic timing calculation

» Assignment of delay and constraints
directly from Liberty files into the

Liberty blocks
AMS timing-aware simulations

» Automatic detection of scenarios with
timing violations

Multi-corner simulations

» Timing-aware simulations over
corners via statistical library
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Future Work
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Formal Analysis

» Analytical
approach to
achieve timing
closure

Static Analysis

» Graphical
representation of
timing parameters

Area estimation

» Use of static
analysis for area
estimation

Power analysis

» Static anlysis to
estimate power
consumption

Random constraint

stimuli

» Increase coverage
by applying UVM
techniques

SystemC

assertions

» Alternative way of
performing
automatic checks
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