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Low Power Is Everywhere

Low Power Design Technique Adoption by Segment
500%

Leakage recovery Advanced

XOR Self-gating
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Back-biasingWell-biasing

I
Mobile Computing - Key Growth Driver
In 2016 - 80% of Mobile Phones Will Be “Smart Phones”

Smartphone Shipment Forecast (Units)
B Totel Smartphone Shipments:
90% == Smartphone % of Total Cellphone Shipments
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u Multi-Comer, Multi-Mode (MCMM)
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» Multi-voltage domains
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Digital Home
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u Clock gating Mainstream

Mobile SoCs Driving Low Power Complexity

Growth
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Low Power Growth
Driving Design Cost

Overall Design Cost Breakdown / LP Complexity Growing Across All Segments

50 - 450% 1 Back-biasing/Well-biasing

B Verification
B ‘alidation

B Physical
I Architecture

400% uLow Vdd Standby

40 - 350% = State retention

uLibrary Variables (e.g., multi
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Design cost [$M]
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Sourse: 1S5 S00S Source: 2011-2012 Global SNUG surveys

Low power adoption causes increases in verification complexity
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Low Power Verification Requirements

« Power intent validation
—Requires static verification

—Debug and simulation of LP states
(shutdown, standby, retention..) and low
power cells

» Coverage of new low power states at sub
system level and SoC level

* Protocol checks for transitions in / out of
low power states
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Functional Intent vs. Power Intent

What is the difference?

Functional Intent Power Intent

» Architecture * Power distribution architecture
* Design hierarchy * Power domains
» Data path » Supply rails
« Custom blocks « Shutdown control
» Application
« State machines * Power strategy
« Combinatorial logic » Power state tables
* I/Os » Operating voltages
« EX: CPU, DSP, Cache
» Usage of IP « Usage of special cells
* Industry-standard interfaces * Isolation cells, Level shifters
 Memories » Power switches
- etc * Retention registers
Captured in RTL Captured in UPF
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Synopsys Power Verification & Analysis Solutions

Implementation Static Power Verification Functional Power Verification Power Analysis

SPEED

Power Est.
Power Reduce

Static Check Power Aware Sim
Verdi Power-Aware Debug Verdi Power-Aware Debug

Design Compiler

Power Compiler . RTL power
Formality Power-aware g analysis & optimization

RTL simulation

\ 4
St
(72
O
Lo

RTL LP checks RTL-gate EC

Gate-level power
analysis acceleration

Status Check Power Aware Sim Verdi:Siloti

Verdi Power-Aware Debug Verdi Power-Aware Debug

. ESDBY Power Sign-off
Formality Power-aware gate- . ’ 9

level simulation Gate-level power analysis
PG Gate LP checks | RTL/gate-gate EC

%F“ Power signoff

acceleration

\ 4

Static Check Power Aware Sim Verdi:Siloti
Verdi Power-Aware Debug Verdi Power-Aware Debug
Static LP signoff g ©ODBY Power Sign-off
Functional LP signoff d

Gate-level power signoff ACCURACY
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Complete and Efficient Static and Dynamic Verification
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PF Flow

Test bench + Verification
Coverage model plan

Physical
design

& PG

Static check
and debug UPE
Signoff
Yes
Power
- Structural Yes aware Sim
Static check checks
an Cl CIEIQ“El Signoff
Debug
A
Static check
- ___and debug A Yes

checks
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Static Power Verification

© 2016 Synopsys, Inc. 8 S‘/”UPS‘/S®



Synopsys Static Low Power Verification

Implementation Static Power Verification

AL ( )
"""""""""""""""""""""" Static Check
A . ’
""""""""""""""""""" RTL LP checks RTL-gate EC - h
I Netlis!
Tiay / » UPF checks
~~~~~~~~~~~ 1 Static Check Sthth|zed - Architectural checks
Verdi P =A Deb esign =
erdi Fower-Aware Debug g e Structural & functional checks
\_ /
.............  S— 3
PG Gate LP checks | RTL/gate-gate EC - N
Ty » UPF checks
e PG-Connected \ . '
Static Check Sonne Architectural chec?ks
Verdi Power-Aware Debug €sig « Structural & functional checks
Static LP signoff * PG checks

Continually verify consistency between design intent and implementation
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Static UPF Check

Next-Generation Low Power Static Checking and Signoff

Built from the ground-up for advanced SoCs
« Capacity and performance for full-chip verification
* Next-gen data model and engines

Consistency and correlation with implementation
« Design Compiler-like setup and use model
« Common format support: .lib, UPF, SDC, etc.
« Highly correlated hardware inference

Comprehensive set of applications
« Low Power, Formal+Apps, CDC, Rule Checking
« Unified UPF reading across applications

Efficient debug and root cause analysis
» Innovative LP-optimized error reporting and debugging

3-5X Performance and Capacity Advantage
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Static UPF Check

Features & Benefits

SoC-Scale
Performance & Capacity

DC TCL Support

Accurate
Hardware Inference

Production-Proven UPF
Support

iolation Noise Reduction
Advanced LP Debug

© 2016 Synopsys, Inc. 11

Loads full-chip SoCs at RTL and PG netlist—fast and
complete checking through the entire design flow

Use DC setup for fast adoption; easily integrated into
Synopsys implementation flows

Highest correlation of results between verification and
implementation — Checks the right thing!

Best power network inference enables highest
correlation to Synopsys low power implementation flows

Easiest and fastest violation prioritization, debug and root
cause analysis
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Dynamic Power Verification
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Accurate Power-Aware Simulation

Top Domain : Always On (1.2V)

Dynamic
Voltage
On/Off Scaled

Domain Domain

(0.8 — 1.2V)

Design

Voltage

Verification must comprehend
design behavior based on
changes to voltage value

Time
Correct verification of Power- DD dow.n. /
. wakeup transitions
On-Reset requires
. and sequences need
understanding voltage ramps e
verification
Verification

VCS NLP’s true multi-voltage simulation verifies designs at all operating voltages / transitions
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Accurate Power Aware Simulation

Native integration with advanced X-Prop catches X-optimism at RTL

Intended Design After Restore Actual Simulation After Restore

Retention inferred from UPF

if ( cond)

b ¢(RTL) c(HW) c(GLS c(with

Circuit 1 with XPROP
q— circuit 1) tmerge)
c||x 0 |0 |0 0 0 0
b x o [1 [1 o1 |«x X <>€ X-optimism at
cond » 1 lo lo \M x RTL caught !!
X 1 11 |1 1 1 1
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Power Aware Simulation

Benefits

Highest Accuracy

High Performance

Unified UPF Support

LP Assertions and Coverage

Advanced LP Debug

© 2016 Synopsys, Inc. 15

Catch corner case LP bugs with voltage-aware simulation and
comprehensive support for all advanced LP techniques

Enables broad use of LP simulation with the lowest impact on
throughput and resources

Common UPF support enables unified LP verification with excellent
ease-of-use and correlation across simulation and debug flows

Full LP planning and coverage features, and automated LP assertions
enable comprehensive coverage-driven verification methodologies

LP debug and coverage is natively integrated in Verdi, including power
event visualization, powerful X-tracing, and cross-linking to UPF
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Power-Aware Debug

[ ] Comprehensive Design Views
« Power-Aware Design Hierarchy
FSDB

« Complete Schematic Views
Annotated Power Intent

Power Intent Visualization
 Power Manager Browser
 Power Map
« Impacted Signal Report

Power-Aware Debug Automation
* Power-Aware Temporal Flow View
* Power Specific Waveform Debug
* Power Sequence Analysis
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Power-Aware Debug Highlights

Comprehensive Design Views

Including Design and Instrumented Power Objects

Detailed
Strategy
Information

Power Object
Annotation

Color-coded
HDL Scope

Power-Aware
Design
Hierarchy

Instrumented
Cell
\ )

+ Unified design and power
management hierarchy

» Integrated schematic
views include power
objects

—Isolation cells
—Retention cells
—Level-Shifters etc.

» Annotations provide
relevant power intent
information

SYNoPsys

Abstracted Power Domain View
Power Map

PamM 2 stamsr Mg,

T

» Topology of design based on power domain including:
— Connectivity of power domains
— Isolation/Retention/Level-Shifter/Repeater strategies
— Power distribution network
—Automatic highlighting of violations of isolation and level-shifter rules

SYNoPSysS

Dedicated Power Management Browser

Power Manager

Domain

UPF Source
Hierarchy

Code
S—

\

* Power domain hierarchy
including rules for
= |solation
= Retention
= Level-shift
= Power switch

» UPF source code window
for cross-reference

* Power state table derived
from UPF for visualizing
power mode transitions

= |llegal state where
mismatch occurred

SYNoPSys

Power-Aware Temporal Flow View

Power
symbols

«» Performs behavioral
analysis on design,
simulation AND power
intent

» Automatically traces
design behavior across
multiple cycles

« |dentifies root-cause
taking instrumented cells
and their values into
consideration

SYnopsys
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RTL Power Analysis & Optimization

© 2016 Synopsys, Inc. 18 Synopsys Confidential Information S\/n[]PS\/S



Synopsys Power Verification & Analysis Solutions

Implementation Static Power Verification Functional Power Verification Power Analysis

SPEED

Power Est.
Power Reduce

Static Check Power Aware Sim
Verdi Power-Aware Debug Verdi Power-Aware Debug

Design Compiler

Power Compiler . RTL power
Formality Power-aware g analysis & optimization

RTL simulation

\ 4
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RTL LP checks RTL-gate EC

Gate-level power
analysis acceleration

Status Check Power Aware Sim Verdi:Siloti

Verdi Power-Aware Debug Verdi Power-Aware Debug

. ESDBY Power Sign-off
Formality Power-aware gate- . ’ 9

level simulation Gate-level power analysis
PG Gate LP checks | RTL/gate-gate EC

%F“ Power signoff

acceleration

\ 4

Static Check Power Aware Sim Verdi:Siloti
Verdi Power-Aware Debug Verdi Power-Aware Debug
Static LP signoff g ©ODBY Power Sign-off
Functional LP signoff d

Gate-level power signoff ACCURACY
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Synopsys Power Analysis Solutions

Implementation Functional Power Verification Power Analysis

SPEED

Power Aware Sim Power Estimation

Verdi Power-Aware Debug Power Reduction

Design Compiler
Power Compiler

RTL power

Power-aware analysis & optimization
RTL simulation

Gate-level power
analysis acceleration

Verdi PAA

Power Aware Sim

Verdi Power-Aware Debug

Power Sign-off

Power-aware gate-
level simulation Gate-level power analysis

Power signoff
acceleration

Power Aware Sim Verdi PAA

Verdi Power-Aware Debug

\ 4

Power Sign-off
Gate-level power signoff ACCURACY

Functional LP signoff
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RTL Power Optimization

© 2016 Synopsys, Inc.
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Ref Netlist Initial RTL

I PE
Power Power

Calibration Estimation

Power
Profiling

Power
Reduction

Flow

Optimized RTL
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esigner View

‘v SpyGlass Explorer; ethmac.prj <@engrl.sjc.atrenta.com>

4 & = s O §) / @

File_ Edit, View_ Tools, Help_ Design Setup

Goal Setup An; i Reports

© Run Goal: [powerlpower_esl t profiing@original I'J [JincrementalMode (= - @gms [is Fdwaver [lDesign  »

@ -
sg_shell> gui_open_power browser -rule PEPWR02 -tag AUTO_LOAD_BROWSER TAG -value auto_load

sg_shell> foreach_in_collection i [ get_messages -of r
"{\[Simulation file : /u/quillaume/TestCases/eth
v1 20150513_1/demo_designs/ethmac/spyglass/..//simula

] { if { [get_attribute $i msg]

, Start time : 0.00ns, End time :
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Si=lb ¥ Modular Schematic <@engrl.sjc.atrenta.com>

File Edit View Tools Help

H = © oo g | 2

o | E
tRxCIrg_sync3 =

1Set
1
1
1
1
1
1
1
1
1
1
1
1
1
|

Sequential

o] =]
= ® [Updale With Mouse Hover Selector. . .
I
% = Power_est Debug Data
(=] Label Value
§’ Leakage Power 1.175e-08W
[3) Internal Power 5.769e-07TW
o Switching Power 0.000e +00W
(-8 = Total Power 5.887e-07TW
£ E Clock Gated no
= £ Clock Gating Efficiency 0.000
= @ |« | >

A 4 Power Explorer <@engrl.sjc.atrenta.com>
File View Help

el =l e Clock Browser

[ search o[

[~ in (a1 coumns

I.',J | @ [Visualizaﬂonsv] ', Configure Columns

|Instance Hierarchy pl Leakage

Total Dynamic

Treemap Area Criteria | Total Area

= ethmac 41.765 uW 909.312 uw §
local-logic 1.050 uw 31.989 uwW
+ ethregl 5171 uW 48.112 uW
+ maccontroll 2.557 uwW 12.981 uW
macstatusl 602.712 nW 29 uW
= [miim1
local-logic
clkgen £ 11.965 uW
outctrl 100.190 nW 5133uwW
shftrg 371.340 nW 8.766 UW
+ rxethmacl 2.743uW 25.328uwW
+ txethmacl 3.148 uW
+ wishbone 22664 uW
«
Treemap

Number of Gat|Total Numbe [Percent Gated Re|Average Clock G|Average Register[Average Activity  [Average|

0.103 0.062
0.017 0.244
4.866e-05 6.637e-03
5.984e-07 1.314e-03
0.000 1.100e-05

0134
0.021
0.016
1.719e-05

0.016
2.736e-03

E 14603599.00ns\] Average Leakage, Internal and Switchin T have been reported in the 'pe_summary' report (
O |Leakage Power : '41.765ul' Internal Power : '738.312uW' Switching Power : '171.000uW' Total Power : e
ﬁﬁ i Waiver Tree | Violations
% |Instance [+ =
=T ethmac 398 .clk(wb_clk_i),
- £ miiml = 399 Reset(wb_rst_i),
@ £ clkgen 400 pivider(r ClkDiv),
+ () shitrg R J
+ £ outctrl 401 .NoPre(r_MiiNoPre),
g \CNTT_reg[24] 402 ctrlpata(r CtrlData),
\CNTT_reg[25] 403 S
o
B B \CNTT reql26] .R?ad(r_RGAD),
8 B \CNTT_regl27] = 404 Fiad(r_FIAD),
2l DLSanE s | 'IJ 405  yctrlData(r WCtrlData), |
v
Modules 2 hJ
hd Power Explorer <@engrl.sjc.atrenta.com> -5
_File View Help
| Hierarchical Browser | Clock Browser 1
© o 7 0 |LockZoomy] [Swchxaxisw] [(iE]
Time(ns) Vs Power — Legena
800
720 uw—|
640 uw—|
"u.ul
560 uw—|
e
;80 uw— ‘L
= ]
o
00 uw—
320 uw—|
240 uw—{
160 uw—|
e S ——— iy T —— (SelectAll)
B Leakage
| L | i I y ] B nternal
4000000 8000000 12000000 16000000
2000000 6000000 Time(‘rg% 000 14000000
1 l—l W Total
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ethmac

Module: ethmac

Unresolved 2
Run Completed At Run Time Run Status | fatal | error = warning | error | waming Su
N/A Not started 0 0 140.00
power_est_average@original 05-20-2014 16:39:44 0:0:49 {49 secs) Completed 0 0 9 0 0 Fatal =0, Errc
cdc_verify_struct@original N/A Not started 0 0 0 0 0 Fatal =0, Errc 120.00
power_profiling@original 05-20-2014 16:40:22 0:0:29 (29 secs) Completed 0 1 9 0 0 Fatal =0, Errc | pmer—es‘_averge@scens
05-20-2014 16:40:59 | 0:0:28 (28 secs) Completed 0 0 13 0 0 Fatal =0, Err¢ 5 10000
05-20-2014 16:44:12 |0:2:59 (179 secs) Completed 0 0 13 0 0 Fatal =0, Errc f:‘_ —
05-20-2014 16:45:00 0:0:40 (40 secs) Completed 0 0 3 0 0 Fatal =0, Errc = —— Actual
05-20-2014 16:45:33 0:0:23 (23 secs) Completed 0 0 3 0 0 Fatal =0, Errc 2 50,0 ~ Success Criteria
power est average@RME_18(E E E E BNy E E N B § N E E E E E N[N NG5S S HQE § NN R E EREEEpE l!ll‘ﬂaﬁ|LlMlll“ﬁ»
power_profiling@RME_1 N/A Not started 0 0 0 0 0 Fatal =0, Errc
Summary Not completed 0 1 50 (1] 0 Failed goals
Internal power = 364.036uW Drag on to Trend Chart to ZOOM-IN | Reset Zoom
You can also click on legend labels to showlhide trend lines .
Leakage power = 40.370uW
Pawer Switching power = 195.229uW 4
Total power = 599.634uW lgnore
Summary Failed objectives = 0
DataSheet
Spyglass Power Estimation/Red

Created: Tue May 20 16:45:35 PDT 2014 by guillaume

Power (599.634uW total) Collapse Power Clocks (3 power clocks) Full Expand
Technology dti_sp_tm28hpmhvt_256x32_4wwlx_m_typ_lib, Clock Frequency
tsme_130_typical mrx_clk_pad_i 12.562MHz

Register bit width threshold for clock gating 3 mtx_clk_ped_| 12 562MHz
Registers enabled with clock gating 1963 (Total 2346) wh_clk.i 23333MHz
Number.ot non gated registers 48 Note: Source of frequency obtained from simulation trace files (VCD,FSDB,SAIF... etc)
Clock Gating percentage 79.71%%6

Clock Gating efficiency 76.54%

Leakage Power 40.370uW

Internal Power 364.036uW

Switching Power 195.229uW

Total Power 599.634uW

Power Savings 2.061uwW
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Gate Level Power Analysis Acceleration
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Synopsys Power Analysis Solutions

Implementation

Functional Power Verification

Power Analysis

SPEED

Power Aware Sim

Verdi Power-Aware Debug

Design Compiler

Power Estimation
Power Reduction

Power Compiler

Power-aware
RTL simulation

RTL power
analysis & optimization

Power Aware Sim

Verdi Power-Aware Debug

Gate-level power
analysis acceleration

Verdi PAA

Power-aware gate-
level simulation

> ' Power Sign-off

Gate-level power analysis

Simulation

Verdi Power-Aware Debug

Power signoff
acceleration

Verdi PAA

Functional LP signoff
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Power Analysis Acceleration Engine
Enable Gate Level Power Signoff with RTL Switching Data — Early and faster !!

Original
Flow
(Reference)

Need days to weeks to get waveform from gate level sim.

Gate level simulation with full dump

Primetime
PX

Verdi PAA
Flow

RTL

Simulation

RTL
FSDB

Primetime

PX

Verdi Power Analysis Acceleration
« Estimate power before gate level env is ready
» Full range of gate level simulation is not required

» Leverage SDF to improve accuracy

Total Power Tolerance | | 0% | | 2%

© 2016 Synopsys, Inc. 26

Simulation Run time

IDLE mode period Active mode period

Reference Verdi PAA Reference Verdi PAA
42 hrs 2 hrs 126 hrs 6 hrs

__ TimeSaving || o |
| TotalPowermw) | ooos4 | oouss | ooms flow

Synopsys Confidential Information

21X speedup
2% difference
from reference
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Power Analysis Acceleration
Uses Siloti Correlation and Siloti Replay Simulation with PrimeTime PX

Siloti Correlation

-~

1. Siloti Correlation
— Input RTL and netlist designs
— Leverage SVF output from DC
— Generate mapping file

2. Siloti Replay Simulation
— Input FSDB from RTL simulation ‘ Gate
/

— Restrict simulation & dumping

— Leverage SDF
— Regenerate gate-level data -

RTL

SVF Files

Siloti

Correlation

~

1 Siloti Replay Simulation

p

ull FSDB \

Design Scope /
Time Range

3. Input gate SAIF or FSDB/VCD to
PrimeTime PX

© 2016 Synopsys, Inc. 27

SDF

-

»| Mapping File

Siloti Replay Sim

Simulator
VCS or others

~

/

B\ PrimeTime

PX
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Synopsys Power Verification & Analysis Solutions

Implementation Static Power Verification Functional Power Verification Power Analysis

SPEED

Power Est.
Power Reduce

Static Check Power Aware Sim
Verdi Power-Aware Debug Verdi Power-Aware Debug

Design Compiler

Power Compiler . RTL power
Formality Power-aware g analysis & optimization

RTL simulation

\ 4
St
(72
O
Lo

RTL LP checks RTL-gate EC

Gate-level power
analysis acceleration

Status Check Power Aware Sim Verdi:Siloti

Verdi Power-Aware Debug Verdi Power-Aware Debug

. ESDBY Power Sign-off
Formality Power-aware gate- . ’ 9

level simulation Gate-level power analysis
PG Gate LP checks | RTL/gate-gate EC

%F“ Power signoff

acceleration

\ 4

Static Check Power Aware Sim Verdi:Siloti
Verdi Power-Aware Debug Verdi Power-Aware Debug
Static LP signoff g ©ODBY Power Sign-off
Functional LP signoff d

Gate-level power signoff ACCURACY
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