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Motivation

Foundational IP design of standard cells, memory’s, |0Os and more are a crucial component for SoC design.
®* The foundational IPs in question can have numerous views, including Liberty (.lib).

Liberty is the industry standard for representations of timing, power, noise compiled within a cell library

NXP provides technology solutions targeting global industries such as automotive, industrial, 10T, mobile, and
communication infrastructure.

* The Logic library team works to deliver standard cell libraries for differing NXP design teams for these various
targeted applications.

With such a heavy reliance on the standard cell libraries delivered to the greater team, any issues found in the
libraries too late in the flow can result in high costs to alleviate.

®* QA (verification) early in NXPs flow is crucial to reduce cost, time, and engineering resources.
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Main ldea

Liberty as a data representation of cells is often a complex and difficult to interpret format.

. AIo_n(%side timing, power, and area, liberty also represent aspects of noise, statistical
variation, and waveform data for the most advanced processes.

The work presented here elaborates on a solution embedded into NXPs QA flow for
robust verification that is easy for all liberty users to use and enables full automated
execution resulting in effective engineering and compute resource savings.

More specifically empowering error detection with Al, analysis, and comparison of
liberty characteristics in advanced technology nodes (sub 10nm) such as:

* Liberty Variation Format (LVF) for statistical data.
 Composite current source (CCS) timing, noise, and power waveform data.
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NXP’s Comprehensive QA Flow for Foundational IP qualification
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Outlier Detection using Al
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(=}l summary GDetails  §Generate Report

Plot [ Tak| 5., ai - || View Log -
What IS an Outller? n :a:::::z Z::::::gthmakageinerMomt.nmclty Drive Strength 0f1 0.0% g
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Outliers .libs are data values that don’t align with the neighboring data. PO e o s T oty
. . . . . . . PASS Drive strength Cell Area Increases Drive Strength 1/1 100.0%
This neighboring data can be from within a table i.e. slew/load points or across
different operating conditions like Process, Voltage, Temperature (PVT) etc.. 14
How is it checking? ] .
The methodology uses ML models with Siemens Solido Analytics that does a
sweep across different Liberty dimensions to detect outliers. _— i
The user can define a tolerance value that when exceeded, would trigger this : £ _
outlier detection. . e o
Example of dimension that are checked for outliers include: 0.6 1
* Transition/load within a single timing or power table. .
* Constrained pin transition within a single constraint table. oa |
® Temperature sweeps across PVTs. -
®* Voltage sweeps across PVTs.
. . 0.2
®* Custom numerical sweeps (e.qg.: cell drive strength) across PVTSs. et
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Version to Version Comparison
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CCS vs NLDM
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LVF and LVF Moments

Why do we need this?

On-chip variation (captured by LVF) is a
significant factor in timing sign-off for
advanced nodes (<=20nm).

Inaccurate LVF data can lead to deviations
in timing by as much as 50-100%.

How do we check this?

Automated checks in our flow that can find
outliers in the LVF and LVF Moments
groups.

Using LVF Moments, we can recreate the
LVF sigma tables. These should match
ideally as any mismatch would indicate
incorrect characterization settings.

+ internal_power()

+ internal_power()

+

internal_power()

output_cch
miller_cap_fall
miller_cap_rise
stage_type

[ dc_current(ccsn_dc_template)
output_voltage_fall()
propagated_noise_high()
output_voltage_rise()
propagated_noise_low()

+

+

+ timing()

+ timing()

+ timing()

= timing()
related_pin
active_input_cch
propagating_cch
timing_sense
timing_type
when
[ cell_fall(delay_template_gx8)

[ ocv_mean_shift_cell_fall(dela...
[ ocv_std_dev_cell_fallidelay _te...
[ ocv_skewness_cell_fall(delay._...

+

[ ocv_sigma_cell_fall(delay_te...
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+

B fall_transition(delay_template...
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sigma_type
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Early sigma value in ocv_sigma_fall_transition
Structure table at index (7, 0) did not match the estimated [.623
sigma values when checking 3 sigma values.

Severity = -e:

(e.g.. > 0.5)

— Name Value
A 14 =k A
A: Ideal Gausglan A: +/- 3 sigma :
: — A: +/- 3 sigma (OCV)| input_net_transition 0.374 ns
0.84 = A: nominal total_output_net_cap... 1.000e-06 pF
— A:mean
LVF Skewness 6.740e-03 ns
2 064 Mean 1.554e-02 ns
= Nominal 1.308e-02 ns
§ Skewness 0.376
& 044 Standard deviation 9.342e-03 ns
-3 Sigma (estimate) -8.165e-03 ns
0.2 4 +3 Sigma (estimate)  4.853e-02 ns
-3 Sigma (0Cv) -2.175e-05 ns
+3 Sigma (0CV) 4.959e-02 ns
0
g 0.025 0.05 0.075
o o
£ 5 fall_transition (ns)
= ® -400
) bij .
E PDF of fall_transition
a
= —A
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z
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a
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—input_net_transition- 0.374. total_output_net_capari 1 000e-06 04 . -
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* Displayed distributions are estimated using LVF Mements by assuming a log-normal form



PPA Analysis

Why do we need this?

Currently there are many library providers in the market varying across different technology nodes.

A typical liberty (.lib) can have thousands of unique cells.

Formatting of cells, pins, and data in .libs differ significantly between technologies, sources and variants.
Traditional analysis methods involve multiple iterations of Synthesis, Static Timing Analysis, and Place & Route
Incorrect .lib selection can introduce bottlenecks later in the chip design cycle.

How are we doing the analysis?

Liberty files are available much early in the design cycle and have the required timing and power information for analysis.

The proposed solution can align the data between different technologies using:
* Cell and pin names, Cell functionalities, Interpolating timing and power tables indices, and more
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Examples of PPA analysis

Mean Rise/Fall Averaged Delay

Mean Rise/Fall Averaged Delay vs drive_strength

(#=1.280, y=63.47m)

* Dataset A Mean Rise/Fall Averaged Delay values
Dataset A Mean Rise/Fall Averaged Delay sweep liney

0.2 4
= Dataset B Mean Rise/Fall Averaged Delay values
Dataset B Mean Rise/Fall Averaged Delay sweep lineg
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At high drive_strength >3, Dataset A BUFF is performing better than B

drive_strength

Yy

cell_famil

Mean Rise/Fall Averaged Power

Mean Rise/Fall Averaged Power vs drive_strength

(x=2.331, y=42.57u) Dataset A Mean Rise/Fall Averaged Power values e
Dataset A Mean Rise/Fall Averaged Power sweep_limes|
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-00e- Dataset B Mean Rise/Fall Averaged. Power sweep lineg|
== - ]
2.50e-04
2.00e-04
-
1.50e-04 - —
L - -
1.00e-04 1
.
5.00e-05 1 -
1 2 3 4

Across drive_strength, Dataset A DFF is better in terms of power consumption than B
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Summary

v' Through this work, NXP was able to improve efficiency of their QA flow at a rate of 2x

Runtime (hrs)

Total no. of
PVTs Traditional WowW Proposed Solution
1 Trends analysis & Validate checks 1000 25 10 units 5 units 2X
2 Impact analysis 1000 6 5 units 3 units 1.6x
3 PPA Comparison 1000 4 5 units 3 units 1.6x

v The embedded solution within NXPs flow enabled the following

S

Q
Impact analysis across PDK revisions

Automated execution with minimal
setup

Easy validation of LVF moments data

Early detection of outliers within LVF
liberty data

©

Full coverage for QA of liberty checks

Deep understanding of CCS data with

respect to NLDM
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