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Abstract

Verification of SoC consumes about 70 percentage of the total turnaround time of
design process. In this project the main focus area is to implement and verify high
speed SoC(System on Chip), which will be working on data rate of 5Gbps. Also very
new methodology i.e. PIP (Partition in partition) is being used in this project. So,
this project presents a novel approach, which significantly reduces the formal equiva-
lence verification challenges and also reduces the manual time spent by designers on

debugging.

This project also presents the power aware equivalence verification problems, which
has become an important part of SoC design in evolving technology nodes. With
emerging trends in extended RTL modeling and shrinking time-lines, design team
needs to adopt robust FEV(Formal Equivalence Verification) methodologies leaving

no gaps in verification process to ensure quality.

These methodology enhancements and automated paranoia infrastructure to con-
verge functional and power aware FEV are addressed in this project. In precise, FEV
is one of the key activities in SOC design cycle and is a key convergence to ensure
correct implementation of VLSI designs, by verifying the equivalence between the
implementation and specification (RTL or gate) along with the low power implemen-

tation.

Another key objective of this project is ECO (Engineering Change Order), which
is one of the crucial stage of product design cycle. In very less time, designers need
to take care of such engineering change orders. Criteria for successful ECOs is that
not only functionality but also timing and congestion need to be taken care of. This
project discusses basics of ECO, some of the challenges and flow of Conformal ECO

tool flow.



The deliverable of this project is to verify High speed SoC using formal verifica-
tion. PIP methodology is been used to verify blocks and debug non equivalents. Also

successful ECO is generated at very crucial stage of Project.
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Chapter 1
Introduction

1.1 Introduction

With the increasing complexity of designs, to make sure that the designs implementa-
tion is desired as per the RTL specification at the entry level is very crucial nowadays.
The simulation-based approach is very much time consuming to validate the design
and has various limitations. Due to these reasons, we are verifying the design us-
ing formal verification to ensure the correctness of the implementation of the design.
Formal Equivalence Verification (FEV) has become an essential part of the imple-
mentation design flow. So it is being done at different stages of the implementation

design flow.

1.2 Motivation

This is the era of speed. Every day in day to day life, the key focus is how work could
be done efficiently and quickly. This project is all about 5G.Timing is major concern
in this project.To meet timing designer is doing optimization in synthesis,due to this
FEV is failing. There is always trade off between FEV and Timing.Thus identifying
right solution for the FEV of high speed design is important aspect of this project.

1.3 Objective

With the increasing complexity of designs, to make sure that the design’s imple-
mentation is desired as per the RTL specification at the entry level is very crucial
nowadays. The simulation-based approach is very much time consuming to validate
the design and has various limitations. Due to these reasons, we are verifying the
design using formal verification to ensure the correctness of the implementation of

the design. Formal Equivalence Verification (FEV) has become an essential part of

1



CHAPTER 1. INTRODUCTION 2

the implementation design flow. So it is being done at different stages of the imple-
mentation design flow.The reason to do FEV is to find any bugs or differences are
there between the desired implementation and the actual one. We can track this
using FEV very easily and quick manner.So main objective of this project is to find
bug between RTL vs gate level implementation, also between gate and gate, and to

fix them within product life cycle time.

1.4 Requirements

To complete this project at Intel, requires knowledge of backend design flow from
synthesis to place route. Also knowledge of formal verification required.

Tools : Conformal by cadence, design compiler by synopsys.

1.5 Thesis Organization

Chapter 2 describes the literature review survey on formal equivalence Verification,its
tool working concept,how FEV is better than simulation and Formal verification of
High Speed Soc.It also describes PIP methodology.

Chapter 3 describes the importance of low power verification.It also describes about
Power Aware Equivalency checking flow and Native UPF flow.

Chapter 4 describes about various challenges faced during Formal equivalence of High
speed Soc.

Chapter 5 describes about Engineering Change order and how it is implemented in
the very crucial stage of project.

Chapter 6 conclusion and future work of this project is presented.



Chapter 2
Literature Review

2.1 Formal Equivalence Verification

It is another way to verify the design rather than simulation. It will check the func-
tionality of the design. It uses the mathematical technique to compare the two designs
i.e. the golden and revised designs.

As we know that simulation will need input patterns in order to verify the design.
If one has n number of inputs then to check the total functionality you need to give
2n input patterns to verify it. Time taken to verify it will also increase exponen-
tially. But, to verify the same design using formal equivalence verification, we do not
need any input patterns with complete functionality. However, in Formal Equivalence

Verification, it will check only functionality independent of any physical properties.

2.2 Formal Equivalence Verification Vs Simulation

As we know that, we can verify the design using simulation which is a conventional
approach to verify the design. However, we know that using this approach there will
be several limitations.

In current scenarios, design complexity of the SoC is increasing exponentially. To
verify this design is also a challenging work. As per the graph, you can see that as the
design size increases, the verification effort that we will need, will increase further and
we would not be able to verify the design in the less time. But as we know that from
the current market perspective this type of time consumption approach would not
be a good way to deal the verification. So in order to satisfy the requirement we are
using Formal Equivalence Verification approach which not only less time consuming
but it will assure the quality of verification.

Compared to Simulation we have some advantages of FEV which are listed below:
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Impact of increasing design
size on verification effort

Simulation

Formal +
Simulation

Verification Effort

Design Size

Figure 2.1: Simulation Vs Formal Verification

No input patterns

Earlier error findings

More speed

Complete functionality check

2.3 FEV In Implementation Design Cycle

As shown in figure 2.2, we can see that at each stage we are checking that functionality
of the design is not getting lost in the whole implementation design cycle. Another
purpose of checking the design at each stage is that if we check the design only in the
last phase of the design then we would not be able to find at which stage the bug is
coming. So for the easy debugging purpose we are checking the design at each and
every stage of the design.

Based on the different types of Golden and Revised designs there are three types of

FEV runs which we are running in design cycle:
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RTL
Formal
Equivalence
Verification
Synthesis !
Formal
P & R Stage Equivalence
' Verification
Placement . |
Formal Formal
Equivalence Equivalence
Verification Verification
CcTS 1
Formal

Equivalence
Verification

Route

Formal
Equivalence
Verification

Final

Figure 2.2: FEV In Design Cycle

e RTL to Gate : In this type of FEV, the Golden design would be RTL and on
the revised side it will be a netlist. In the given physical design flow, RTL2SYN,
RTL2APR, RTL2FINAL are under this category.

e RTL to RTL:In this type of FEV, Golden and Revised designs are RTL only.
Usually, this kind of FEV run is being used between two RTL releases in the

whole design cycle.

e Gate to Gate:In this type of FEV, Golden and Revised designs are netlists
only. In the given physical design flow, SYN2APR, SYN2FINAL are under this

category.

2.4  Formal Equivalence Verification Tool Working

Concept

It uses basically mathematical equations. So tool will verify the designs using Reduced

Order Binary Decision Diagram (ROBDD).



CHAPTER 2. LITERATURE REVIEW 6

ROBDD is a canonical representation. If two functions have the same ROBDD then
we can say that these two functions are equivalent. By this, we can say that there is

no requirement of input vectors in order to verify the design.

Figure 2.3: ROBDD of Function

Limitation of this method is that, the order of variables will change the ROBDD
size, which in turn affects the memory, required to store it. Usually, some more

sophisticated approach is required do the mathematical computation.

2.5 Formal verification of high speed SoC

In this project major focused area is to design high speed SoC design as a new emerg-
ing 5G technology. There is always trade off between timing and FEV. Here FEV
team has to check logical equivalence between RTL and implementation team.

The modem’s baseband chip pairs with a new 5G transceiver that enables both sub-
6 Ghz and mmWave capabilities. This powerful combination incorporates key 5G
NR (new radio) technology including low latency frame structures, advanced channel

coding and massive MIMO to deliver faster connectivity and ultra-responsiveness.
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Architecture & RTL | Implementation
Design Team Team

FEV — MyRole

Figure 2.4: Role of FEV

More importantly, 5G will enable industries to improve our daily lives. With 5G, au-
tonomous vehicles will be able to make decisions in milliseconds to keep drivers and
vehicles safe. Drones will aid in disaster recovery efforts, providing real-time data
for emergency responders. Smart cities will monitor air and water quality through
millions of sensors, giving them insights needed to provide a better quality of life.
5G is a historic inflection point for the technology industry bringing seamless connec-
tivity, massive computing power and rapid access to cloud resources for every person,
thing and industry. This is at the forefront of the move to 5G with an unparalleled
expertise across wireless, networking, cloud computing and data analytics the foun-
dation of the 5G era.

Key Features: 5G Modem

e World’s first single chip to support 5G operation in both sub-6 GHz and mmWave
bands

e Achieves key 5G requirements, including expected speeds exceeding 5 Gbps,
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CPU blocks |, | DSP blocks

Peripheral
\ / blocks

Modem blocks

Figure 2.5: Block diagram of high speed SoC

hundreds of MHz of aggregated bandwidth and ultra-low latency

e Pairs with the world’s first 5G sub-6 GHz RFIC and the mature 28 GHz 5G
mmWave RFIC

e Compliant to multiple industry forum 5G specifications

e Supports key 5G NR technology features, including low latency frame structure,

advanced channel coding, massive MIMO and beam forming
Key Focus Areas

e Autonomous Driving
This technology will enable the autonomous driving car. This car is a capable

of sensing its environment and navigating without human input.

e Virtual Reality

it will be used in Virtual Reality which uses headsets to generate the realistic
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images, sounds and other sensations that replicate a real environment or create

an imaginary setting.

e Smart Cities

5G will help enhance our homes through the emerging Internet of Things (IoT)

e Artificial Intelligence

There will be massive benefit in Artificial Intelligence from 5G
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Formal Equivalence Verification Flow

3.1 Conformal Tool Flow

: ST . o
seup | Y @

mode
Specify constraints
& otherparameters;

Yes

LEC
mode

OIpale hey: POl

4

Yes

No
quivalence

) established ™

Figure 3.1: Conformal Tool Flow

In Conformal Tool there are basically two modes of operation:
1. Setup
2. LEC
In Setup Mode
Saving Conformal transcript to a log file
Specifying black boxes
Reading libraries and designs
Specifying design constraints

Specifying modeling directives

10



CHAPTER 3. FORMAL EQUIVALENCE VERIFICATION FLOW 11

Switching to LEC mode
In LEC Mode

Mapping process

Compare process

Reporting the run statistics

3.1.1 Setup Mode

In this stage, we will read all the collaterals required for the designs to compare,

which means we will read libraries, RTL files, netlist and other inputs to run LEC.

3.1.2 Saving Log File

It is always a good practice to write log in order to track the errors or warnings we

need to write the log file.

3.1.3 Specifying Black Boxes

In the given designs some modules which we do not want to check the functionality

at the block level so for that we will black box those modules.

3.1.4 Reading Libraries And Designs

In this step, we will read all the required libraries and designs i.e. either RTL or

netlist.

3.1.5 Specifying Design Constraints

In this step, we have to provide constraints in order to verify only logic, which we
need to verify. As we know that in the design there will be scan logic, which is to
improve yield. DFT (Design For Testability) logic would not be there in RTL. In
order to avoid such extra designs, we need to constraint them. For that, we need to
provide design constraints.

As you can see in order to verify design with scan logic we need to provide con-

straint for mux select signal. Here, we need to constraint select signal to 0 in order
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RTL SN

Figure 3.2: Need Of Constraint To Disable DFT Logic

to verify it properly.

3.1.6 Specifying Modelling Directives

In this step synthesis, tools will do optimization. So when we are comparing RTL to
synthesized netlist the designs would not be equal because of such optimization. So
in order to verify it, we need to provide modeling directives.

For an instance as shown in figure 3.3 we will have one flop whose input is always
connected to 1. It is like just constant 1 signal. This kind of redundancy Design
Compiler tool will optimize. Due to that, both side we will have a mismatch. It
can cause false nonequivalent. To prevent such case in design, we need to provide

modeling directive, which will make LEC understand the design.

3.1.7 Switching To LEC Mode

In this mode, it will map all the key points and logic cones in both designs. After

mapping, there can be two results either it will be mapped or unmapped.



CHAPTER 3. FORMAL EQUIVALENCE VERIFICATION FLOW 13

l—in g =

RTL oy

Figure 3.3: Need Of Sequential Constant Modelling

3.2 LEC mode

3.2.1 Mapping Process

Mapped Points: Key points are mapped on both golden and revised sides.
Unmapped Points: Key points are not mapped on either golden or revised sides.
In unmapped points, there are different types of unmapped points.

Extra: This type of key points is there on either golden or revised side.
Unreachables: This type of key points, which are not going to affect the output of
the design.

Not Mapped: In this type of key points, which are not, they are on another side of
the design.

3.2.2 Compare Process

After mapping is done, compared points are being compared.

Compared Points: POs, DFFs, D-Latches, Cut Points, and BBOX.
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r’ 4
\ /
"'-.H _..-"'"

Golden T 7° Revised

0 Key points
1 Combinatorial logic

Figure 3.4: Mapping In Design

Comparison results for the design are listed below.
1. Equivalent: Compare points proven to be equivalent.
2. Inverted-Equivalent: Compare points proven to be complementary.
3. Non-Equivalent: Compare points proven to be different.
4. Abort: Compare points not yet proven to be equivalent or non-equivalent due to
timeout or other system parameters.

5. Not-Compared: Compare points not yet compared.

The comparison can be done in two ways.
1. Flat

2. Hierarchical

In Flat Type: In this the whole design will be flattened one so there would not

be any hierarchies to compare. Here the top module of design will get compared.
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In Hierarchical Type: In this type of comparison, at each hierarchy design will get
flattened and compared. In hierarchical comparison, there are two types of compari-
son.

1. Dynamic: In this type each hierarchy is getting flattened and compared. After
comparison if it is equivalent then it will black box that module and go above hier-
archy. If it is not equivalent then it will flatten the hierarchy and compared it.

2. Static: In this type each hierarchy is getting flattened and compared. After com-
parison if it is equivalent or not it will black box the current module and go above

one hierarchy.

3.3 Partition in Partition methodologyy

In this Project very new methodology is used which is PIP. There is one partition
which is called parent partition , contains child partition and unit also. While doing
FEV child partition should be black boxed and it will be compared as separate unit.
In this block the parent partition .which includes child-1 , child-2 and child-3 as child

Child Partition-1. | Child Partition-2

Parent Partition

~ Child Partiion3

Figure 3.5: Block diagram of PIP

partition.



CHAPTER 3. FORMAL EQUIVALENCE VERIFICATION FLOW 16

3.3.1 Partition Level

# Generated by: FEBE 3.1.07

# RIL FE env variables
# based on PATH REGULATOR/-full env section in finalized config
if { ![info exists ACE ENG] } {
if { [info exists env(ACE_ENG)) }
set ACB BIG Senv (ACB_BIG)
) else |
set ACE_BNG /nfs/pdx/ stod/stodc04n02bL2/w, stnishim, 100/50¢=gor=a0=16wid7=1115
)
!
if { 1[info exists ACE_FWA DIR] ) {
if { [info exists env(ACE PWA DIR)] |} {
set JCE_PWA DIR Senv(ACE PWA DIR)
} else { T T
set ACE PR DIR target/soc
)
)

$AL1 variables to be declared here (as dspected above)}

# partition RIL file

Lappend VERILOG_SOURCE FILES /nfs/pdx/stod/stodeiSn03bH/uw.asheth, 100/vfetel WS2.4 RIL49. 1 CONS2. 1 £Lib upf/collateral/vtl/efetel top partoy
if {![info exist G DISABLE DONT TOUCK DESIGHS]) {

set G_DISABLE_DONT_TOUCH_DESIGHS "
)

# Uits DOC files

Lappend DDC_SOURCE FILES SREFO ROOT/target/soc/results/DC/soc edu 1/syn/outpute/soe_edu L.uniquify.dde

Lappend G DISABLE DONT TOUCH DESIGNS zoc_cdu 1

Lappend DDC_SOURCE FILES SREPO_ROOT/tarqet/soc/results/DC/tfetel top unit/syn/outputs/tfete] top unit.uniquify.dde
Eappend G DISAELE DONT TOUCH DESIGHS rfctel top unit

Figure 3.6: Partition Level

This is the partition level RTL, its consist of its child unit’s RTL. When we are
reading partition RTL,we have to read all child unit’s RTL also while doing FEV.

3.3.2 Unit Level

This is unit level RTL.When unit is compared stand alone,the parent level partition

is black boxed.
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if {1 [info exist L ARGS_tdp dma top) |
set Tyh ARGS tdp dua top 1
i mmg ACE BN
if | I[infe wite ACE | BNG) ) {
if ( [info exists env(ACEBNG)) ) (
set ACEEXG Son (ACE_ENG)
) else |
set MCE_ENG /nfa/pde/stod/stode0dn02bLa/w, stnishin, 100/g0c-gor-a0-16uaed?=1115
)
|

#ALL variables to be declazed here (as depected above)d

# gource files from -
# /nfs/pde/ntod/stode0dn02bLY/w. stnishin, 100/ s0e-gor=a0=16md]= msmrmmc/rm.lwh.wum/ldp m _top_ag_test/tdp m _top_ ||| mmdp m _top_rtl_Lib.tdp_dma_to]
Tappend VERILOG_SOURCE FILES /nfa/wite/stod/stode0dn0zbliv, nmmn log/mi_decoder.av
Lappend VERILOG_SOURCE FILES /nfs/mite/ diska/ngshdk.ipr.002/1p_rel p/mdnsg

Lappend VERILOG_SOURCE FILES /nfa/wite/disks/ngshdk.ipr.002/1p rel p/ndnSq_tdp/GORNOPOSRILIVd/modules/tdp_Ldpe_enc/sre/tdp_ldpe_enc.v

Lappend VERILOG_SOURCE_FILES /nfs/mite/ disks/ngshdk.ipr.002/1p dnSg_tdp/GORACPOSRILIV4/medules/tdp_Ldpe_enc/sre/Ldpe_packer.v

Lappend VERILOG_SOURCE FILES /nfa/mite/diska/ngshdk.ipr.002/3p nsq_tdp/GORAOPOSRILAV4/modulea/tdp_Ldpc_enc/src/Ldpe_barcel shifter.v

Lappend VERILOG_SOVRCE FILES /nfe/site/dishe/ngshdk.ipr.002/4p rel p/mdnSg_tdy/GORMOPOSRTLV4/modules/tdp Ldpe_ene/sre/Ldpe unpacker.v

Lappend VIPMG mnm /nfaraite/diska/ngahdk.dpr. 002/1p dnSg_tdp/GORAOPOSKIL 1Vd/modulea/tdp_Ldpc_enc/sre/Ldpe_lambda mem,v

Lappend VERILOG SOURCE FILES tnhmmhﬂmnhik ipr.0o/dp nlnmmprﬂu 149 /GORAOPOSRIL 1V4/modules/tdp_Ldpc_enc/src/ren 80211 n6dd rid.v

Lappend VERILOG_SOURCE FILES /nfa/site/disks/ngsbik.ipr. 002/u_ulumtnpmhil_\‘y/mmmu‘ﬂmthdp_l.lpc_nmrc/m_t‘)im_mm_m v

Lappend VERILOG SOURCE FILES /nfw/nite/disks/ngshdi.ipr.002/ip releasen/nip/minSq tdp/GORNOPOSKTLIVE/modules/tdp Ldpe enc/ure/rom B021in niddd rid.v

Lappend VERILOG_SOURCE FILES /nfa/site/disks/ngshdk.ipe.002/4p rel p/mdnSg_tdp/GORMOPOSRTLAVA/modules/tdp Ldpe enc/ste/rem 80241n n64d r2d.y

Lappend VERILOG_SOURCE FILES /nfa/mite/disks/ngahdi.ipr.002/ip_releanes/nip/minSy_tdp/GORNOPOSRILIV/msdules/tdp_Ldpe_enc/ure/rom 802118 n1296 r2d.v

Lappend VERILOG SOURCE, FILES /nfa/site/diska/ngshdk.ipe.002/ip relensen/nip/mdnsy tdp/GORMOPOSRTLAVA/mdules/tdp Ldpe enc/sre/rom B021n ni944 r2d.v

set VHDU_LIBRARIES ( tdp_top_rtl_Lib |
set filo_Lint vhdl tdp_tep_rtl Lib “/p/hdk/rtl/ip_releases/dhdk?3/qor/uip/ndnSq_tdp/GORAOPOSRTLIVA/modules/tdp_soc mem/arc/tdp mem pucch wrapper.vhd*
set file list vhdl tdp_top rtl libp
Lappend file List vhdl tdp_top rtl Libp \
/nfa/site/stod/ stode04n02bLa/w, stnishin, for-a0-16udT-1115/ subblock/maaSy/ram_delivery/asp .lJ)q.vhi \
/nfa/site/stod/ stodcO4n02bL2/w, stnishin, 100/50c-gor-a0- Loumd?-1115/ subBlock/massy ry/anp h_run_package .vhd \
/nfa/uite/stod/stodc0dn0zbL/w, stnishin, 100/80c-gor-a0- Liwwd7- 1115/ subblock/maa try/agp ,_r-.vhl \
/nfa/uite/stod/stodcO4n02bLa/w, stnishin, 100/s0c-gor-ad- 1m7-lllifﬂmuk/mS|fm ichnnummmwdp ram,vhd |

TE {Lino exist CTECH_TYPE) 66 [info exist CTECH VARINNT]) (
set VERILOG CTECH FILES ADD (concat SVERILOG CTECH FILES ADD (qlob /p/hdi/eud/ctoch/edv tusidds hdkidl/source/p1a73 3//SCTECH TYPE/SCTECH VARIAVT/etach Lib *.5v))

!
set VERILOG CTECH FILES REM (eoncat SVERILOG CTECH FILES REN (glob /p/hdk/cad/etoch cdvitunedde hdkid/ souree/pla®3 3/, . /v/ctach Lib ¥.wv))

s¢t VERILOG CTECH FILES ADD (1sort -unique SVERILOG CTECH FILES M0D)
set VERILOG CTECH_FILES REN (lsort -unique SVERILOG CTECH FILES REN)

Figure 3.7: Unit Level
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Power Aware Formal Equivalence
Verification

4.1 Low Power Verification

Now a days increasingly complex SoCs are typically used in portable systems that
must also support increasingly longer battery life and therefore must minimize power
consumption. Even non-portable systems must avoid wasting energy, to minimize
both power and cooling costs. In both cases, active power management is required
to ensure energy efficiency. Although active power management enables the design of
low power chips and systems, it also creates many new verification challenges.

Power-aware Formal Equivalence Verification will verify low power cells like retention
registers, isolation cells, and power switches. It will check the power domains also.
It will check the consistency of cells in same power domain as defined in golden UPF
(Unified Power Format). In power aware formal equivalence verification, it will read

UPF along with golden and revised design.

4.2 Need Of Low Power Verification

As per the design methods in Industry, in RTL we would not have information re-
lated to power supply. All the low power cells are just defined in the design but in
which power domains the cell will get connected such information is available in UPF
only. During implementation cycle, it is possible that implementation tool would not
implement as per the specification in UPF. So in that case, Conformal Low Power
verification is a promising solution to verify it. It will try to verify all low power cells,
which are given below:

1. Clock Gating: It will help to reduce switching of the clock in order to reduce

18
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dynamic power by disabling clock switching when the flop is not switching.

2. Power and Ground Clamp Cell: The diode clamp cell protects the data input from
ESD (Electro Static Discharge) and also from voltage overshoots and undershoots on
the signal net.

3. Isolation Cell: It is one of the low power cells, which prevents the un-driven signals
in OFF block, which drives the signals of active or ON block. Isolation cells will at
least provide 0 or 1 so that do not care conditions would not occur in the active block.
4. Level Shifter: It is one of the techniques to transport a signal from one voltage
value to another. It can be for high to low voltage or low to high voltage shift.

5. Power Domain : It is the domain of which the power supplies will remain same
for all the circuits under that power domain. All the circuits, which share the same,
power source, and if switchable, will share the same power enabling and disabling
control.

6. Power Gating: It is the technique to save leakage power, which switches a power
domain’s connection to a power source ON to OFF.

7. Signal Gating: It is the same as the clock gating technique. But here rather than
clock data signals will be gated in order to reduce the power.

8. State Retention: It is a power management technique that saves the states before
a block is powered down. It will save the state of memory elements before main
power gets The circuit, which saves the state, will require non-interruptible power

and ground to ensure the state preservation.

4.3 Conformal Low Power Equivalency Checks:

This tool will do the following checks:

1. Low Power Design Equivalency Checks

2. State Element Domain Consistency Checks

3. Can handle cell modeling, switch modeling and retention instances
4. Power Intent Comparison
5

. State retention strategy comparison



CHAPTER 4. POWER AWARE FORMAL EQUIVALENCE VERIFICATION 20

4.4 Power Aware Equivalency Checking Flow

In the power aware equivalency checking flow involves the following tasks:
1. Set Low Power Options for power aware equivalency checking

2. Read the libraries and designs

3. Read power intent and then compare it

4. Perform equivalency checking
D

. Perform state element domain consistency checking

Functional
Equivalence
Checking

Functicnal
Equivalence
Checking

Functional Functional
Equivalence Equivalence
Checking Checking

Figure 4.1: Power Aware LEC Flow

4.4.1 Set Low Power Options

In this option, we will define which type of netlist we wanted to read for low power
verification. The netlist can be either logical or physical. So for RTL2SYN we will
read logical netlist but for SYN2APR we will read logical netlist for golden design
and physical netlist for revised design. In physical netlist, we will have netlist with

power and ground connection.



CHAPTER 4. POWER AWARE FORMAL EQUIVALENCE VERIFICATION 21

4.4.2 Read The Libraries And Designs

In this step, we will read libraries and design. In this, we will read all the libraries
with pg-pin option. Moreover, we will read libraries for all the low power cells like

isolation cells, level shifters etc.

4.4.3 Read Power Intent And Comparison

In this step along with design and library, we will read the UPF / CPF (Common
Power Format used in Cadence tools) for golden as well as revised design. In this
step, it will report the power strategy differences like isolation rules or even naming

differences also.

4.4.4 Perform Equivalency Checking

After this, we will verify the equivalency between two designs from the supply point
of view. It will be done by commit power intent instruction. In this depends on the

rules which we are checking, it will do equivalency checking for it.

4.4.5 Perform State Element Domain Consistency Checking

In this check, we will ensure that the state elements i.e. sequential elements are in
the desired power domains as per specified in UPF. It will be checked by check low
power cells instruction. It will check the retention strategy also as the desired one or

not.

4.5 Power Aware FEV Flow Used In Industry

For Power Aware FEV there are two flows which are currently being used in Industry
supported by Cadence Conformal Tool.

1. U2C flow

2. Native UPF Flow (Unified Power Format)
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4.5.1 U2C flow

This is old flow, which is supported by Cadence. In this flow for two designs, which
are being compared, the tool will read UPF for them and then it will convert into CPF
(Common Power Format) internally. After that tool will compare the power intent of
both designs. However, this flow is not giving correct violations in the design. Due
to U2C conversion, it has reported some false violations in the design. This flow is

not that much used in Industry.

4.5.2 Native UPF Flow

This is the latest flow, which is supported by Cadence. In this flow, both designs
UPF will get compared. This flow has reported correct violations compared to U2C
flow. In addition to, this flow has had several more rigorous checks compared to U2C
flow, which is mentioned below:
(a) UPF Lint Checks: In this check, it will read the UPF of design and then it will
check the syntax of each and every file, which is used inside UPF. It will also check
supply connection of the library of every cell or Macros in the design too.
(b) Power Grid Comparison: In this check, it will check the supply connection of each
cell in design to the respected power grid mentioned in design.
(c) Power State Table: In this check, it will check the supply connection of each cell
in design to the respected power grid mentioned in design.
(d) Power Consistency Check: In this check, it will compare the supply connection
for DFFs, DLATS, Pls, and POs of both designs. In designs there will be feed thru
will be there at the block level. These blocks will be abutted at the full chip level.
In order to maintain the supply connection of such feed thru ports, there will be
set related supply net will be mentioned along with UPF. This kind of ports power
consistency will get compared to the design using this check.

To conclude,Native UPF flow is having more advantages compared to U2C flow.

Due to that, in Industry Native UPF flow is being used now a days.
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Formal Equivalence Verification
Challenges

5.1 Common Issue found in all Partition

5.1.1 Sequential Merge

Duplicated register in the clock and/or data logic cone. It causes comparing problem.

To resolve this problem it is required to perform figure 5.2 commands on tool.

D0
DFF DFF
D) —— > -
DFF| |DFF
CLK > > -
DFF
CLK—@—
Golden Revised

Figure 5.1: Sequential merge

As a result after applying required command on design figure below shows golden

and revised both the side are same.

23
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/4 Command :
£ Command :
/4 Command :
¢/ Command :
¢/ Command :
¢/ Command :

flatten
flatten
flatten
flatten
flatten
compare

24
model -nodff to dlat mero
model -nodff to dlat feedback
model —Heq_merge
model -seq constant
model -gated clock
effort auto
Figure 5.2: Command used as solution
DO
/> DFF
D1 >
DFF
CLK—

DO -
DFF
D1 e
DFF
=
DFF
CLK——O—4>
Revised

Figure 5.3: Result after applying required command

5.1.2 Sequential Constant

Sequential constant occurs due to the way the circuit is designed or a designeraAZs

preference to constrain the data port. It causes comparing problem. To resolve this

problem it is required to perform figure 5.4 commands on tool. As a result after

applying required command on design figure below shows golden and revised both

the side are same.
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bl —— iDQ bl
- PO PO

CLK——>

in inl

Golden Revised

Figure 5.4: Sequential constant

#/ Command: set flatten model -nodff to_dlat smero

¢/ Command: set flatten model -nodff to_dlat_feedback
#/ Command: set flatten model —Heq_merge

¢/ Command: set flatten model -seq constant

¢/ Command: set flatten model -gated clock

#/ Command: set compare effort auto

Figure 5.5: Result after applying required command

5.2 Challenge 1: Timing

Timing is very critical for many partition in this project.To meet timing ,designer is
doing lot of optimization in synthesis.Due to this FEV tool is not able to compare
properly golden and revised design.Due to ungrouping hierarchies timing is defiantly

improved but FEV was failing.
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{# (©) adr32_conuoller_top_part.syn_final.vsdc Unfs/pda/stod/stodc15n02bH/w....dr32 _top, = _top_part_t/syn/outputs) - GVIME

Eile Edit Tools Syntax Buffers Window Help

BAARS 9 @ 0 & 2 € e @ 3 % @33y @8

—design { ddr32_controller_top_cadence_mc_controller }

guide_ungroup
—cells { memcd/memcd_command_mux }
—de=ign { ddr32_controller_top_cadence_mc_controller }

guide_ungroup
—cell= { memcd/memcd_command_gqueue } *
—de=ign { ddr32_controller_top_cadence_mc_controller }

guide_ ungroup *
—cells { memcd/memcd_command_gueue/memcd_g_cmd_split }
—design { ddr32_controller_top_cadence_mec_controller }

guide_ungroup
—cells { memcd/memcd_command_gueue/memcd_¢_ cmd_splitsmemcd_bnlk_intlv_cmd_page }
—design { ddr32_controller_ top_cadence _mc_controller }

guide ungroup
—cell= { memcd/memcd_command_gqueue /memcd_g_cmd_s=plit/memcd_bnlk _intlv_last_bs=t_page }
—de=ign { ddr32_controller_top_cadence_mc_controller }

guide_ ungroup
—cell=s { memcd/memcd_command_gqueue /memcd_g_cmd_split/memcd_bnk _intlv_middle_page }
—de=ign { ddr32_controller_top_cadence_mc_controller }

guide_ungroup
—cells { memcd/memcd_command_gueue/memcd_g_cmd_split/memcd_bnlk_intlv_split_page }
—design { ddr32_controller_top_cadence_mc_controller }

guide ungroup
—cell=s { memcd/memcd_command_gueue /memcd_g_c=_xlate }

—de=ign { ddr32_controller_top_cadence_mc_controller }

guide ungroup
—celllz { memcd/memcd_command_gqueue /memcd_gq_entry_1 }

Figure 5.6: Issue in timing

Solution

To resolve this isuue, it is required to use VSDC file as shown in figure 5.7 and 5.8
and also to do manual mapping of some of the flops. After that tool is able to do
correct mapping of golden as well as revised design. After this LEC is passing on this

design.
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guide change names ©
-de=sign { ddr32 controller top part } ©
{ { net *Logic0* n Logicd_} }

guide change names \
-design { ddr32 controller top }
{ { net *Logicl* n Logicl |} \
{ net *Logic0* n LogicO_ } }

guide change names \
-design { ddr32_controller top cadence_me_controller }
{ { net *LogicO* n_LogicO_ } }

guide_change_names *
-dezign { ddr32 controller top me dfs control } ©
{ { net *Logicl* n Logicl } %
{ net *LogicO* n LogicO } M
{ net W51 1p ext cmd strb } }

Figure 5.7: Use of VSDC file and manual mapping-1

guide change names \
-design { ddr32 controller top cadence mc memcd param }
{ { net *Logici* n Logicl_} “
{ net *Logic0* n_LogicO_ }
{ net cse_31n c=se_31 }
{ net cse_33 n cse_33 }
{ net c=e 2795[0] n_cse_ 2795[0] }
{ net c=e 2798[0] n_c=e 279B[0] }
{ net c=e 2829 n c=e 2829 } A\
{ net _c=e_2834 n_c=e_2834 }
{ net _c=e_2881[37] n_cse_28BB1[37]
{ net _cse_2881[36] n_cse_28BB1[36]
{
{
{
{
{
{
{

-

net _cse_2881[35] n_cse_28B1[35]
net _cse_2881[34] n_cse_2881[34]
net cse 2881[33] n_c=e 28B1[33]
net c=e 2881[32] n_c=e 28B1[32]
net c=e 2881[31] n_c=e 28B1[31]
net _c=e_2881[30] n_c=e_28B1[30]
net _cse_2881[29] n_cs=e_28B1[29]

L S S S S —
R

Figure 5.8: Use of VSDC file and manual mapping-2
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5.3 Challenge 2: Latch is moved from clock cone to

data cone in synthesis

Failure flop

Golden

Latch added in data cone

Revised

Data cone failure drop

In one of the block during synthesis latch is moved from clock cone to data cone.As
shown in figure Same Latch which is was there in data cone of revised netlist (latch
followed by AND forming a clock gate). This latch is a ctech cell. This latch followed
by AND gate not present in Revised.

Solution: This was bug in synthesis tool,which is reported to designer.To solve this

issue designer reported this issue to application engineer of tool and fixed it.
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Golden

Revised

Clock cone cone failure drop

5.4 Challenge 3:Use of multi bit flops in synthesis
causing mapping issue

d04f4u00wdBas ‘mbit_clusteridaff2 reg[7] mbit_clusteridaff2 reg[6] _mbit_clusteridaff2 reg[5] _mbit_clusteridaff2 reg[4]
.sii(n&25) , -dl{gov_clusteridaff2 i[7])}, .==b(n2888), .clk(n3084),
.0l(clusteridaff2[7]), .si2(n2525), .d2(gov_clusteridaffz i[6]), .02(
clusteridaffi[6]), .=13(n2525), .d3(gov_clusteridaffz 1[5]), .03(
clusteridaffa[5]), .si4(n2525), .d4(gov_clusteridaffz i[4]), .o4(
clusteridaffa[4]) ):
d04f4u00wd8as ‘mbit clusteridaffi reg[3] mbit clusteridaffl reg[2] mbit clusteridaffi reg[1] mbit clusteridaffl reg[0]
.811(n2525), .dl(gov_clusteridaffi i[3]), .=sb(n2888), .clk(n3084),
.oli{clusteridaff1[3]), .=12(n2525), .d2(gov_clusteridaffl i[2]), .o2{
clusteridaffi[2]), .=i3(n2525), .d3(n3560), .o3(clusteridaffi[1]),
.E14(n2525), .d4(gov_clusteridaffl i[0]), .o4(clusteridaffi[0]) );
d04fauoowdgas ‘mbit_cpu_id rs reg[1] mbit cpu id rs reg[0] ( .sii(n2525),
.dli{cpu_id i[1]), .==b(n2888), .clk(n3084), .ol(cpu_id r=[1]), .=12(
n2525), .d2(n2532), .o2(cpu_id r=[0]) );
d04f4u00wdBas ‘mbit_ctr_cwg_rs_reg[3] mbit ctr_cwg_rs_reg[2] mbit ctr_cwg_rs_reg[1] mbit_ctr_cwg_rs_reg[0] (
.£11(n2525) , .dl{ctr_cwg i[3]), .=sb(n2888), .clk(n3084), .o1(
ctr_cwg_rs[3]), .si2(n2525), .d2(ctr_cwg i[2]), .o2(ctr_cwg_rs[2]),
.213(n2525), .d3(ctr_ewg i[1]), .o3(ctr_cwg r=[1]), .=14(n2525), .d4{(
ctr_cwg_i[O]), 0d(ctr_cwg_rs[0]) )

Figure 5.9: Use of multi bit flip flops causes mapping issue

In synthesis by using multi bit flops we can reduce the clock power and also area
.By using multi bit flops power is reduced from 39 mW to 12 mW.Due to multi bit

tools is not able to do mapping corrctly.

Solution: To solve this problem I have used following command to tell tool that
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##zetvar G_EXIT ON UPF ERROR O

setvar G_COMPARE PST 0

setvar G_CONF_ANALYZE SETUP 1

setvar G_CONF_COMPARE THREADS 4

##zetvar G_REF PAR RIL 0

zetvar G_SE',‘MULTIBIT_OPTIONS "—prefixz \'mbit\" -delimiter \"_rnbi't_\""

getvar G CONF_PHASE MAP 1

Figure 5.10: Required solution for multi bit flop

(/ Comand: st maltibit option -prefix ‘mbit" -feliniter " mbit *
/1 Comand: report modules -1nst -golden > reports/cas3 cpu.1nst. golden. rpt
/1 Comand: report nodules -1nst -revised > reports/casd cpu.inst.revased.opt

Figure 5.11: Required command to solve multi bit flop

these are the multi bit flops.After that tools is able to map corrctly and also did

comapre succesfully and LEC was pass on this block.

5.5 Challenge 4: Abort Points Findings And Solu-

tions

5.5.1 What Is Abort Points?

An abort point is a compare point that has not been conclusively compared. So
there can be different reasons to have aborts in the design. Due to large sized cones,
complex logic implementation and several do not care in the design will cause aborts
in the design. In order to compare the design, the tool will set some time limit to
compare it but if it goes beyond that then it would not compare, results in aborted

points.
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5.5.2 Resolutions For Aborts

Stepl In order to resolve the aborts we first need to know the cause of aborts. By
analyzing abort instruction tool will help us to understand the causes of aborts.
Step2 After that if there are any nonequivalent points then we need to debug it.
Step3 Afterward we can try techniques to solve the abort points, which are given

below.

Approaches:
1. Increase the compare effort which will consider more complex algorithms to resolve
abort points.
2. Try to run it using the hierarchical run. Logic cone size will be less compared to
flatten one.
3. Abort points can come due to the complex data path. Here, the problem is in
RTL design any complex operation addition or multiplication can be implemented
in synthesis in multiple manners depend on design constraints. Due to that, LEC
would not be able to figure it out how the design is being implemented in synthesis
in less time. Due to that, abort can occur. In order to resolve such aborts, synthesis
tool will provide resource report. In that report, synthesis tool will provide how it
implemented complex operations. After parsing this report LEC will understand the
design and it will able to resolve abort.
In Flat full chip timing analysis we need to gate level netlist along with SDF /SPEF,
the timing libraries and the design constraints. Using this approach designers wait till
a blocks completion prior to performing full chip timing. Hierarchical STA flows allows
us to partition different blocks using the Timing Models which should completely
model the input/output timing characteristics without requiring the complete netlist

of the block and it do not need to model every path in the block.
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5.6 Challenge 5: Failing Points Due To Extra Dummy

Power Port

In one of the design, there are some failing points. Usual analysis steps are given
below:

1. Before diagnosing the failing points, we need to check some unmapped points in
the design.

2. All unmapped points are z-points. To know the reason behind unmapped z points
is coming we need to see the modeling messages report. In that, there is a modeling
message, which is F32, which says that it will tie z gate to floating ports.

3. By the name of the port, it was a power port. That port is not defined in the
UPF.

4. To make sure that no other problem in the design I have constrained the port to
1.

5. With constraining the port to 1 since the dummy port was power port, design
is equal. This extra dummy power port is inserted by design flow of ICC tool. We

reported this dummy port information and then it got resolved.

5.7 Challenge 6: Latches Folded To Flop Causes Non

Equivalent

Modeling directives are required in order to give information to LEC about how
synthesis tool have modeled the design. So if it is not properly given then the design
will have nonequivalent points. In order to make sure that LEC will get proper
modeling directives, the Synthesis tool will dump the .vsdc file, which is for 3rd party
verification tool. But sometimes LEC tool will not able to understand the design
and it will do over modeling in the design. In one of the design, we have seen some
unmapped points in the design as stated in the problem statement. Here the problem

was somewhat unusual. Analysis steps are given below:
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1. First, we have checked the unmapped points, so as per our analysis, on the golden
side we have the unmapped latch and on the revised side we have an unmapped flop,
the interesting part was that both have the same name.

2. After that when we check the modeling messages, in that we have seen F5 modeling
message, which is related to Latch Fold. According to this modeling directive, two
latches on revised side have been modeled as a flop.

3. From it means there are two latches on revised side. It is being modeled as a flop
in revised. By seeing the unmapped latch on the golden side we analyzed that on the
golden side also there are two latches. To make sure that two latches will get mapped
on both sides we have disabled this modeling directive. This will resolve the issue.
Solution: In order to solve the problem we have disabled the latch unfold modeling

directive in order to map those key points.

5.8 Challenge 7: Logical Connection Being Altered
In APR flow

11D — — Q 10 D——
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Figure 5.12: Logical Connection Changes In Apr

As shown in above diagram, above in SYN design some of the D-flop Dinput is
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connected to 1.But somehow in APR flow after optimized placement stage, all these
D-flop D input is connected to 0. Due to that, all these flops are coming in Non-
Equivalent points. It was a bug in ICC tool.

Solution: In order to resolve this problem, we have to disconnect all these flops

connection from ground to Tie high cells or Supply.

5.9 Challenge 8: ExtraBBOXOnGolden Side, NoOf
Not-Mapped Points On Revised Side Because Of

Maximum Number Of Iterations Limit.

In one of the design, there is RTL file, which has loop unrolling inside it. By unrolling
the loop will implement the same kind of logic at the hardware level. Based on loop
index value, the hardware will be implemented in synthesis stage. When LEC is
running for RTL Vs SYN, the loop index value was by default 8192 in LEC tool. But
as per the RTL 17 requirement, loop index value required was 30000. Due to the
default value, while reading RTL, LEC was not able to replicate logic as theyaAZre
in Synthesis. Due to that, it was causing extra BBOX on RTL side and another way,
in synthesis LEC, was not able to map design properly, which in turn caused not
mapped points on synthesis side.

Solution: In LEC there is command set HDL options -MAX FOR LOOP SIZE 30000

inch, which increases the loop index value as required one.

5.10 Challenge 9: NEQs Due To Unmapped Flops
In Golden And Revised Design In RTL2SYN

As per the description, one of the failing point in the design is PO (Primary Output).
One of the unmapped flop output is driving the same PO on both sides. Because
these flops are not mapped, will not get compared. Usually, flops should map based

on name or functional base. The reason behind the flops neither being mapped as
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name based nor functional based is because of a vsdc file. This file is used for 3rd
party verification tool, dumped by Synopsys DC tool, which will capture all name
changes information, sequential constant flops name etc. This file was being read by
LEC was not up to date one. Due to that, these flops are not being mapped properly,
which causes PO as one of the FP.
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Figure 5.13: Unmapped Flop In Design

Solution: Use up to date vsdc file or disable the use of a vsdc file.

5.11 Challenge 10: Debugging Gets Difficult Due To
Gated Clock Modeling Directive For SYN vs
APR

In one of the design, between SYN (Synthesis) Vs Route (APR) netlist run, there are
8 NEQs. In all the NEQs debugging gets difficult. One of the reasons is big logic
cone size. Another reason, there is a huge mismatch in terms of logic cone size. For

an instance on SYN side, it is around 800 key points, on APR side; it is around 400
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Figure 5.14: Gated Clock Modeling Directive

key points. Many flops are coming as Non corresponding support on SYN side. All
these flops on SYN side are mapped on APR side. Using LEC we are not able to
debug the design. In order to resolve this NEQ, I have tried to generate a patch using
Conformal ECO tool. In ECO flow, while generating a patch, it also compared the
design as well. No of NEQs should match to normal LEC runs. But in ECO-run, I
got some more NEQs in the design. All these extra NEQs are DLAT, which is part
of a clock gate. The reason behind these NEQs, which are not there in LEC run, was
gated-clock modeling directive. In both SYN and APR design, clock gate latch gets
modeled as MUX structure. All these DLATSs will go into unreachable. So it would
not get compared at all. After debugging these DLATs the problem of mismatch
in terms of logic cone size get resolved. Since the logic cone mismatch in terms of
non-corresponding support gets reduce to zero then it helps us to address the real
problem in design, which gets resolved using Conformal ECO tool by generating a
patch.

Solution: For this case, between SYN and APR, if we have disabled gated-clock

modeling directive then it would have resolved the problem with much less effort.
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ECO: Engineering Change Order

6.1 Basic of ECO

Engineering Change Order is a process to make changes in design without running
whole design cycle like synthesis, APR etc.

There are two types of ECOs which are mentioned below:

1. Functional ECO

2. Non - Functional ECO

1. Functional ECO: These types of ECOs are related to functional changes in
design. This type of ECOs is because of some RTL bugs, which got identified, in the
last phase of the design cycle.

2. Non-Functional ECOs: It can be related timing, cross talk, DRV, and routing

violations with minimal effort.

ECOs can be in two stages:
1. Pre Mask ECOs: Pre-mask ECOs are performed during Place and Route and

before the design is taped out. Uses normal logic gates to implement change.

2. Post Mask ECOs: Post-mask ECOs are performed after the design goes to manu-

facturing. Uses spare gates only to implement change.

In order to implement functional changes in the design, conformal ECO tool is being

used in Industry. Using this tool you can only implement functional ECOs

37
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6.2 Importance of Conformal ECO Tool

In product design cycle, RTL verification and implementation are running in parallel.
In this process, in the last phase of a design cycle, some of the RTL bugs will get
detected. Depend on the RTL bug, the feasibility of Functional ECO will be decided.
If ECO is simpler one then it will be implemented by careful manual work. If ECO
is complex one then it can’t be implemented manually. In that case to incorporate
ECO, re-synthesis the design, will be the only option left with the designer. But that
will cause the delay for tape - out. That will affect directly on Return on Investment
significantly. In order to implement even complex ECO, Conformal ECO is one of

the promising solutions as per the Industry Standards.

RTL | BuginRTL__ 2 RTL

4

SYN

4

3 Conformal APR

ECO

Figure 6.1: Basic ECO flow
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6.3 Conformal ECO Flow

Before using conformal ECO tool, we have to take care of few steps.

1. RTL1 Vs G1, verification has to pass.
2. Resynthesize the design [G2 netlist generation| using the same way used for G1

generation for new RTL.

3. Verify new RTL vs G2 netlist.

-
v

1—!.

RTL COMPILER

Conformal ECO PHYSICAL
Designer -
top.v.gt

Figure 6.2: Conformal ECO Tool Flow

If all these steps are done then we can proceed for patch generation using ECO
tool.

Confomal ECO flow as following stages:

1. Read library
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Read Golden design [Pre-ECO netlist]
Read Revised design [Post-ECO netlist]
Map Setup

Gen ECO

Verify

N o e N

Reports

1. Read library

In this stage, the tool will read all standard cells library.

2. Read Golden design [Pre-ECO netlist]
In this stage Pre ECO netlist, which does not have ECO, implemented. It can be

synthesis with scan netlist or APR final netlist.

3. Read Revised design [Post-ECO netlist]
In this stage Post ECO netlist, which has ECO, implemented. It will be either SYN

netlist without a scan or with a scan.

4. Map Setup
In this stage, the mapping is being done. If a scan is there in the design then scan

constraints also get applied in the design so that only functional path will be there.

5. Gen ECO

In this stage there are multiple steps, which are mentioned below:

(a) Gen Patch:

- In this step, both Pre-ECO and Post-ECO design will get compared. Comparison
again can be done in either flat /hierarchical manner. There will be NEQ in the design
since the design has some change in that.

Note: Flat comparison is recommended way to generate patch.
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- It will analyze the NEQ and generate patch based on the difference between two
designs at each hierarchy.

- In patch, it will use generic library cells in order to implement in design. It won’t
be optimize one.

(b) Apply Patch:

In this step, whatever the patch tool has generated it will apply on design.

(c) Optimize Patch:

- In this step, RC tool will be invoked and map the generic library cells into standard
cell library cells.

- RC tool even tries to optimize the patch in this step.

- After optimized patch, it will apply to design. It will generate the netlist as well as
Patch after it.

6. Verify In this stage, it will verify the ECOed golden netlist with the Post-
ECO netlist. From this stage, we will be sure that patch what tool has generated is

successful or not.

7. Reports In this stage it will dumped out patch file and Verilog netlist.

6.4 Challenges Faced For Generating Good Quality
Patch

For ECO stage, only patch generation is not the only task but a patch should be opti-
mized one in terms of no of changes and also should not affect the routing congestion
and timing. Patch generation can be done in using Flat comparison or Hierarchical
Comparison or Flattened ECO. Flattened ECO is one of the recommended ways for

patch generation.
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6.5 Challenge 1: Remove False NEQs To Generate
Optimized Patch

Before the generation of the patch, we need to run FEV between latest RTL [With
ECO] and netlist [Without ECO]. In that case, no of NEQs are 2. This number, will
give us idea how many NEQs you should get while generation of Patch. However,
for one of the block, we are getting around 3K NEQs. Once we generated the patch,
size of a patch was too large and another outcome was patch generation was not
successful. Solution: In order to solve the above problem we need to find the reason
of those False NEQs then after we have generated the optimized patch. The reason
behind those False NEQs was no phase mapping. Once we enable in the flow, no of

NEQs came down to 2 as expected.

6.6 Challenge 2: NEQs At Different Hierarchies Cause

Wrong Patch Generation

In one of the design, there are numerous complex logic changes between RTL with
ECO and netlist without ECO. Those changes are there between in several hierar-
chies. In order to generate a patch using Flat approach was not at all successful.

Another problem was, due to optimization happened between Synthesis and APR.

Solution: In order to solve this, we have analyzed the hierarchies which getting af-
fected.After that, we have run hierarchical FEV between RTL with ECO and netlist
without ECO. After that, we have generated a patch for that particular hierarchy
without flattening it. Once we are successful in one hierarchy we have repeated the
same procedure for all the hierarchies, which have RTL changes. Here, we have
followed Hierarchical approach without flattening rather than flattened one [recom-

mended one].



Chapter 7
Conclusion and Future Scope

7.1 Conclusion

In Industry Formal Equivalence Verification is one of the key activities for verification
of the design. It is being done at a different level of design cycle from RTL to Final
Layout. It supports different kind of format like RTL, Gate-level netlist, and Spice
netlist and library verification too.

For low power implementation verification, we can rely on Power Aware FEV.
Native UPF flow is one of the promising solutions supported by Cadence. It is being
used nowadays in Industry because of more rigorous checking.

This project has covered how to verify high speed design and its challenges faced.
Also using PIP how to do FEV is also discussed.

7.2 Future Scope

The main focus of this project is High Speed SoC. This chip will be used in Au-
tonomous driving and virtual reality.Drones will aid in disaster recovery efforts, pro-
viding real-time data for emergency responders. Smart cities will monitor air and
water quality through millions of sensors, giving them insights needed to provide a

better quality of life.
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