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Early functional verification & sign-off

Shift Left
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Avoid costly RTL & netlist ECOs/iterations

N

Netlist
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Simulation & formal: Boolean analysis
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Static sign-off: Minimally Boolean
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Static sign-Off: Abstract checking

Abstract
Checking

Techniques
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Minutes - Hours Exhaustive coverage Hours. Complete out-of-box
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Static sign-off: Starts at early RTL design

Static ] : Formal
Simulation

Sign-off Verification

Early RTL
Design

©Copyright 2025 Real Intent Inc., Proprietary and Confidential 7
(( REAL INTENT e e



Static sign-off rule configurability
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Expanding static sign-off applications

Clock Domain Crossing — CDC error free
Reset Domain Crossing —» RDC error free 5 , : Formal
| Simulation
Design for Testability; —» DFT error free I

@ > comeaty errorfree

Hardware Security; — HW Security protected

Verification
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Advanced static sign-off methodologies

RTL Clock Domain
Linting Crossing

Hardware Reset Domain
Security Crossing

Connectivity | Design for
Checking Testability

(((\REAL INTENT
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RTL Linting Sign-Off ((\\
(REAL INTENT

RTL Clock Domain
Linting Crossing

Hardware o Reset Domain
Security Crossing

Connectivity | Design for
Checking Testability
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IR
'1 High value rules

always @(en1 or en2)
begin
if (en1)
out1 = 2’b00;
if (en2)
out1 = 2'b11;

end
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e
Explicitly define intent

begin

if (en1)

out1 = 2’b00;
if (en2)

out1 = 2'b11;

end
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e
Explicitly define intent

always_comb “always_comb” explicitly
, specifies combinational logic
begin
if (en1)
out1 = 2'b00;
if (en2)
out1 = 2'b11;
end
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TR
Don’t use multiple sequential conditionals

always_comb
begin
out1 = 1'b10;
if (en1)

out1 = 2’b00;
if (en2)

outl = 2'b11;

end
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TR
Don’t use multiple sequential conditionals

always_comb

begin
if (en2)
out1 = 2'b11;
else if (ent ) Clarifies that only 1 assign will be applied
out1 = 2’b00;
else

outl = out1

end
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e
Indentation aligns with construct

always_comb
begin
if (en2)
iout1 =2'b11;
el:se if (en1)
out1 = 2'b00;
ellse

Oll,lt1 = out1;

end
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e
Indentation aligns with construct

always_comb

begin
if (en2)
out1 = 2'b11;
el:rse if (en1)
out1 = 2’b00:
el:*se
out] = outt;
end
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7 Multi-policy linting

Pre-verified
IP
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3 Targeted debug

Grouping violations
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Advanced RTL linting sign-off

High value rules Target debug Multipolicy runs
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CDC Sign-Off ((\\
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RTL Clock Domain
Linting Crossing

Hardware o< Reset Domain
Security Crossing

Connectivity | Design for
Checking Testability
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1 CDC glitch analysis
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1 CDC glitch analysis

ﬂlﬂﬂ

“Do not touch” MUXes Netlist-level
glitch CDC sign-off
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2 Dynamic CDC verification

L
L
00O

Invalid Command

Correlation loss
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2 Dynamic CDC verification

[Lessinsine] L
-/ out

Simulation with
no metastability modeled

Simulation with
metastability modeled

llllllllllll

lllllllllll

load_n —-—l__ _'_9L._
i i

. load-operation failed
- I +— due to misaligned paths

- Data NOT written
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Advanced CDC sign-off

« I
Structural sign-off Glitch Dynamic
checking CDC
verification

((GEAL INTENT 27



RDC Sign-Off (( =\
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RTL Clock Domain
Linting Crossing

Hardware | Reset Domain

Security - Crossing

Connectivity | Design for
Checking Testability
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Reset domain crossing sign-off

RST 1 RST 2
Reset I
domain
crossing
. \l 3
D Q I D1: D Q — Q1
FF1 | FF2
A
| |
clk1 I clk1
. [
Reset domain Reset domain
1 2

Clock Domain 1
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Increasing use of asynchronous resets

‘(GEAL INTENT

cre L
SYNC_RST E E
| -
Q
L
—  Synchronous
. ' Reset: Flop reset
. is delayed until
.| clock edge after
.+ clock starts.
cue | aigiplis
ASYNC_RST -
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SYNC_RST
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RDC key differences from CDC

Clock
Domain
Crossing

Reset
Domain
Crossing

- Errors can occur in same clock domain ,
- Errors can occur across clock domains

- Analysi - Global
nalysis scope - Globa - Analysis scope - Local at CDC interfaces
- RDC-specific analysis required to identify

all RDC issues with low noise - CDC-specific analysis required to identify

all CDC issues with low noise

- MTBF- High - MTBF- Low
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1 RDC errors can occur in same clock domain

RST 1 RST 2
Reset [
domain |
crossin
- \I rJ'\
D Q JD QL — 1
I D1 Q
FF1 | FF2
A
|
clki [ clki
. [
Reset domain Reset domain
1 2

Clock Domain 1
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2 RDC sign-off requires global analysis

SOFT_RST-A

|

(@)

Flop

Metastable

Metastability propagation
>

A

A

clk2
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SOFT_RST-B
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clk2

Reset domain A

A

clk2

Reset domain B
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2 CDC sign-off only needs local analysis

)

clk1

‘(GEAL INTENT

Metastable
Flop

Clock Domain 1

clk1

w/

A

clk2

Clock Domain 2
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- RDC-specific analysis needed for sign-off

RST_1— RST 2——

Blocking Signal

[
[
[ I saFe |
(@)
FF 1 I b FF2
: ?
clki [ clki
i
Reset domain 1 Reset domain 2
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4. RDC errors have lower frequency

0] 10 20 30 40 50 60
RDC: Source flop change rate:
event dependent
(o) 10 20 30 40 50 60
o) 10 20 30 40 50 60
CDC: Source flop change rate:
~ 0.1 GHz T
(o) 12 24 36 48 60
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RDC error: Metastability

RST_1 RST_2

I Metastable

r"\ fﬂy\l\ \ (
—>| D

V‘
—D Q 5 Q —Q1
1
FF1 %\’\f)lj FF2

A A
I [ I
clki I clki
Reset domain 1 Reset domain 2
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RDC error: Improper functional correlation

\PO P1

D Q D Q
A A |
A clk2 | clk2 | SN
Loss of Correlation
A \PZ P3
clk1 | D Q D Q \
0
D Q
A A
clk2 l clk2 |
A
clk2 |
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RDC error: Glitches

._j Gli:zi
R B

clk2
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TR
Low-noise violation reports critical

A A A A A
ANXAA A LAA
A A AN A AN
A A A A A

Noisy Report Low Noise Report
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Reset scenarios reduce noise

10th rising edge of
clkl after event t1
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1 1 1 1
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Efficient debug
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Advanced RDC sign-off methodology

@, s 2 I

Low-noise Functional analysis Hierarchical flow

((GEAL INTENT 43



DFT Sign-Off ((\\
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RTL Clock Domain
Linting Crossing

Hardware | Reset Domain

Security /. Crossing

Connectivity | Design for
Checking Testability
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Advanced DFT static sign-off

Controllability Observability

Can you drive it? Can you see it?

D— ¢ O
D_.
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1 Use comprehensive rulesets

‘(GEAL INTENT

Non-scan flip-flops

!

-

!

{}

FF1

_{:}

C}

D Q

FF2

RULE: Sequential capture depth through non-scan flip-flops
should not exceed user-specified limit
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1 Use comprehensive rulesets

Test clock

Fan-out point é FF

RULE: A test clock should not fan out and reconverge with itself
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2 Utilize fine-grained rules

7

4

T

D Q| glitch
Source §
FF1 §
D Q
D Q| Glitch
Source
FF3
FF2

RULE 1: Asynchronous reset

convergence glitch
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D Q > D Q
Glitch
Source
FF1 FF2

RULE 2: Asynchronous reset
reconvergence glitch
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2 Utilize fine-grained rules

‘(GEAL INTENT

Inactive glitch sources

B

/
D

—\ glitch?
C _/ ?
B and C are both
1 during test mode D Q
FF

RULE: Asynchronous reset convergence glitch
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2 Utilize fine-grained rules

A Inactive glitch sources

/
D

| w

Functional analysis shows:
No glitch

.

B and C are both
1 during test mode D Q

FF

RULE: Asynchronous reset convergence glitch
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2 Utilize fine-grained rules

D Q

B
7
N
—
[\
|/

Test Clock A /(m ? Lo
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Test Clock B \/\J\}/ Convergence
Test Clock C Point FF1
RULE: Two or more test clocks should not converge while
driving a flip-flop’s clock input
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3 Analyze all test modes in one run

Compressed
Scan Data-In

Source
clock

‘(GEAL INTENT

Scan chains

Compressed
Scan Data-Out

Test Modes:

1. Compressed
2. Uncompressed
3. At-speed

&
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3 Analyze all test modes in one run

E i:i

One set-up Fast runtime Consolidated

hours vs weeks 2 min/M gates/mode hierarchical reports
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4 Group errors by root cause

________

o o
L RULE: No clock glitch can reach
L destination flip-flops
> —estClocka M | through convergence point
Lo Test Clock B t E FF2 i
Test Clock C E - i
\ PR3/

________
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L5 Deploy at all design stages

Start early |
| DFT static sign-off

[ Logic Synthesis ]

| DFT Synthesis |

DFT static sign-off

f Place & Route ]

|
o
|
[ ATPG ]
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(5 Leverage multi-vendor DFT flows

u
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Advanced DFT sign-off

o] [
L X

& & &
© (@
(o] [
(&) (&)

@& ®& [

]
B
(@]
(]
(2]

O X & @ [ @ [
B EE -

Comprehensive, Multimode Root cause
fine-grained rules tests grouping
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Connectivity Sign-Off ((\\
(REAL INTENT

RTL Clock Domain
Linting Crossing

Hardware | Reset Domain

Security . Crossing

Connectivity Design for
& Glitch Testability
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Connectivity static sign-off

\
. Inst_1
Ctrl_1
- = >0 Inst_2
Ctrl_ 2 \
— = —— Inst 3
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1 Efficient rule definition

FF_SRC \ FF_DEST

ﬁ

clk1 clk1
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1 Efficient rule definition

FF_SRC \ FF_DEST
T
clk1 clk1
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1 Efficient rule creation, tiered checking

i \\ 1.
N as i \\ 1
c|kIk C'krg ’A cnérlz
c C T L
clk—2 clk 1 clkh f
cIk“ clk 1 clk
clk1 clk1
5 Connected Unconnected
ources Destinations Destinations

((GEAL INTENT 62



TR
1 Efficient rule creation, tiered checking

A JAN
clk
clk |A
clk1
clk1 |A
Sources Destinations
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2 Start connectivity sign-off early

Start connectivity

sign-off early

-
RTL | Connectivity _,‘_,[ Logic ]_, Connectivity
— i Synthesis e cidn-

UPF static sign off static sign-off

\ 4

User User
Defined Defined
Rules Rules
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2 Check abutment connectivity early

Open \ 1E)>TIE
A Split . c
G Allowed Arcs =
Combo *
Valid Connection { AB } { AC } { TOP }
Extra
B Connection \ . D

Valid Connection l
Top
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3 Glitch checking

User Defined
Transitioning Driver

_/_ Glitch

| lj\ —i\‘\ Capturing FF

| _
clk2 ——_Jaiitch Point ) A

clk2
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Static sign-off vs. Formal

Multiple Sources Multiple Destinations

PR

)
(Y

Y
S
O
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TR
Static sign-off vs. Simulation

Constraints (O/1)

Source Expected
s (0/1) value

Check Destination Value
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Static sign-off vs. Simulation

Extra fanout \
Source A m Destination B
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Advanced connectivity sign-off

2 G in

Efficient rule Speed for Create groups
definition RTL sign-off
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Hardware Security Sign-Off

(@EAL INTENT

RTL Clock Domain
Linting Crossing

Hardware Reset Domain

Security . Crossing

Connectivity | Design for
Checking Testability
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Eliminate HW security vulnerabilities

‘(GEAL INTENT 72



T
Spectre stale data leak

Branch Not taken
Instruction

Taken Instruction A

Stale Data Leak

Instruction B

Instruction C
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1 Data integrity

BLOCKED ‘
==,

Data Integrity: Valid Path
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7 Leakage prevention

©

—> Rest of World
LEAKAGE
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3 Interference safeguarding

Rest of World
INTERFERENCE
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User-defined + general rules

\Ng

[
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Static sign-off vs. Formal verification

Static Exhaustive
Sign-off Verification

g . Orders of magnitude slower

1 M gates/mins  100M gates/2 hrs
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Hardware security sign-off

g
J |
“ ]
J ]
Comprehensive User-defined RTL designers
analysis & general rules need speed
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Static Sign-Off Suite

@EAL INTENT

Clock Domain
Crossing

Hardware Reset Domain
Security Crossing

Sentry

Connectivity Design for
Checking Testability I8
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