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Introduction @
14}

Traditional Synthesis Challenges

13

12]

Manual Past-Synthesis Deep
Input CDC Understanding
Issues leading to Heavy reliance on Post-synthesis CDC Require deep
Glitches manual input and analysis is understanding of
Data Corruption decision-making, challenging due to CDC issues, precise
System Instability inefficient and error- the volume and solutions & impact
prone complexity of data TTM
Cen

~ X

ot -
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Introduction @

CDC in Digital Design

L) 12 13 14)

Managing Challenges Reliable CDC
CDC Digital Circuits Analysis
Managing CDC is Risks of data loss, For reliable Conducted twice in
crucial for data metastability, and functioning, integrity the design process
transfer across timing errors, in of CDC paths is (pre and post-
different clock systems with fundamental synthesis) to mitigate
domains, due to numerous interacting potential risks

asynchronous nature clock domains
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Traditional Synthesis Flow & @
SAS Flow Using Design Compiler (DC)
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SAS Process - Synthesis

Post - Synthesis / Post - DFT CDC Validation
Proficiency in writing CDC-aware RTL &
advancements in

SAS Methodology == — = —— === == = =i = = e R |
could eliminate | # sythesis.tcl I

 analyze -format sverilog { ../rtl/top.v }
:elaborate top

current_design top

:l[nk

, source -verbose -echo ./scripts/constraints.tcl

Post-Synthesis
CbC

Post-DFT CDC

Validation Validation i _ i
Remains Remains necessary I /7 Reads Input database from VC Spyg|aSS to I
necessary when DFT on gate- I - < analyze CDC paths & apply restrictions for 1
during UPF level netlist ! PR synthesis to avoid breaking the CDC paths :
based synthesis P ——— _—
set_cdc_restrictions
New CDC lssues -input ../vest_rtdb/static_aware_synthesis_db/cdc \
Be aware the processes that -mux_effort none \

modify the netlist, may
introduce new CDC issues

-verbose > DC_restrictions.log
report cdc restrictions > ./reports/cdc restrictions.rpt
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Generate Static DB (CDC) File Using VC SpyGlass @

Synopsys Wt
SpyGlass

Static

DB £ X
9, Ny Reports Static DB
|




SAS Process — CDC Analysis

| # vc_static.tcl

' analyze -format sverilog {../rtl/top.v } \
-vcs { +define+DC -work WORK -f ./scripts/vcs_opts_vilog.f }
elaborate top -ves { -liblist_work -liblist_nocelldiff }

read sdc ./scripts/top.sdc

I
I

I

I

I

I

I

I

I
Use this command to control the generation of static database for 1

; synthesis tools. :
I’ Synthesis tools consume/understand static database which helps
to perform various operation. I

1 For example, if CDC app is specified with the command, the :
synthesized netlist is CDC aware, that is, certain synthesis I
! optimizations are not performed around CDC paths, that can :
I

I

I

I

I

I

I

I

— e e o o Em Em Em Em Em E— E—
~

4 potentially introduce new CDC issues in the netlist.
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Data Clock Domain Crossing

> SUS
tx_data SE SET
-~ |D Q] | D Q sync_data
> J_>
CLR CGC CLR
tx c J Unprotected ‘Q ‘ X_C u

Q |
Q |

Qualifier Protected Path

D‘ SAS
tx_data SET ‘ SET
0 2 L Q sync_data

|’> >
ClR T
tx_clk Q Q
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Glitches - Combinational Control Signal Crossings @

tx_ctrl

| SET r:{_data
tx_data SET D
— D Q D Q
> Controlled > i
o — Logics w — R
Q Q|
tx_clk SUS
tx_ctrl
| SET rx_data
tx_data SET D]
D Q
\ Controlled > L
:I>_|_—'” Logics a — R
t}'{_C| K Qualifier a RAS '
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Control Synchronization Coherency @

I SET

tx_data SET SET SET rx_data
D Q D Q _~ D Q

> —> >
o c J CLR CLR Q | |7 CLR

[~

Q|
Q|

tx_data SET SET ) SET rx_data
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MUX Decomposition

1 module aoi_mux_ex
2 (output q,
3 input a,
4 input b,
5 input c
6 );
7
8 reg q;
9 reg sel;
10
Library Standard Cell 11 always_ff @(posedge rx_clk)
° 12 if (sel) q <= a;
<= .
'SAS sel ——{Girch e 12 else q <= b;
— D - Q | ::E; D Q- 12 always_ff_@(p.)osedge tx_clk)
sel <= c;

endmodu le

SNUG SILICON VALLEY 2024 16




Re-Timing

Akl

tx_data SE] ST D Q.
D Q D Q sync_data

2|

tx data SET SET
T — D Q D Q : sync_data

SNUG SILICON VALLEY 2024 17



Unexpected Clock-Gate Insertion Between Synchronizers@

tx_data

k13|

sync_data

atl

sync_data
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VC Static CDC Summary
On RTL & Static Un-aware Synthesis Gate

()5tage Order Summa | i@ Severity Order Summary
Stage | Family ‘ Tag ‘ Open Waived Compressed
info SETUP CLKPROP SETUP DATA CONSTANT B 0 0
info SETUP CLKPROP SETUP CLOCK PROPAGATED b2 0 (]
info SETUP RESET SETUP RESET CONSTANT INACTIVE [ R 0 0
info SETUP RESET SETUP RESET PROPAGATED bt 0 0
info SETUP CLKPROP SETUP PORT CONSTRAINED | B 0 0
info SYNC CTRLPATH CDC SYNC CTRL [ E 0 0
info SYNC DATAPATH CDC SYNC DATA [ B 0 0
info SYNC IGNOREPATH CDC IGNOREPATH QUASI STATIC . 10 0 0
() Stage Order Summary ‘ @ Severity Order Summary info GLITCH GLITCH CDC GLITCH DATA | E 0 0
— Family ‘ Tag | — Sarming SETUP RESET SETUP_ASYNCRESET UNUSED b 0 0 RTL
s o oy T —— B CONV NOCONV CDC COHERENCY VECTOR DIFE SYNC bs 0 0
error SETUP CLKPROP SETUP BBOXPIN UNCONSTRAINED 12 Toal: 212 L g g
Teor  SYNC  DATAPATH  CDC UNSYnC DATA 16 ! 0 0
lero___Gured _euew  cocoumohunswe RS | o o
info SETUP CLKPROP SETUP DATA CONSTANT [E 0 0
info SETUP CLKPROP SETUP BBOXPIN COMSTRAINED | & 0 0
info SETUP CLKPROP SETUP CLOCK PROPAGATED b2 0 0
info SETUP RESET SETUP RESET CONSTANT INACTIVE [ E 0 0
info SETUP CLKPROP SETUP PORT CONSTRAINED B 0 0
info SETUP CLKPROP SETUP PORT IGNORED b 0 0
info SETUP sDC SETUP SDC CMD IGNORED b 0 0
info SYNC CTRLPATH CDC SYNC CTRL [ E 0 0
info SYNC DATAPATH CDC SYNC DATA B 0 0
info SYNC IGNOREPATH CDC IGNOREPATH QUASI STATIC . 0 0 m
info GLITCH GLITCH CDC GLITCH DATA he 0 0
Total: 449 449 0 0
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VC Static CDC Summary

On Static Un-aware & Aware Synthesis Gates

| ® Severity Order Summary

() Stage Order Summa

Stage ‘ Family ‘ Tag | Open Waived Compressed
info SETUP CLKPROP SETUP DATA CONSTANT | E: 0 0
info SETUP CLKPROP SETUP CLOCK PROPAGATED bz 0 0
info SETUP RESET SETUP RESET CONSTANT INACTIVE E 0 0
info SETUP CLKPROP SETUP PORT CONSTRAINED [ 0 0
info SETUP CLKPROP SETUP PORT IGNORED b7 0 0
info SETUP sDC SETUP SDC CMD IGNORED b 0 0
S e e R x
CODDUL SOOI T L e 2
()Stage Order Summary | ® Severity Order Summary o SWNC_____ [GNOREPATH | CDCIGNOREPATH OuASisTATIC IR 2 O 2
Fino GLITCH GLITCH CDC GLITCH DATA 246 1 0 0
A stage  [Famiy [ Tag B e s -
error SETUP CLEPROP SETUP CLOCK UNDECL | Kt INTEGRITY CLKPROP INTEGRITY RESET UNEXPECTED CELLS hs 0 0 SAS
error SETUP CLKPROP SETUP BBOXPIN UNCONSTRAINED - 123 CONV NOCONY CDC COHERENCY VYECTOR DIFE SYNC .25 0 0
jeror  SINC  DATAPATH  CDCUNsWC OATA B | Tom 2201 2202 0 0
\Zo___SToM __cwres | cocouriunswe B z z
info SETUP CLKPROP SETUP DATA CONSTANT b3 0 0
info SETUP CLKPRCP SETUP BBOXPIN CONSTRAINED | BN 0 0
info SETUP CLKPROP SETUP CLOCK PROPAGATED b2 0 0
info SETUP RESET SETUP RESET CONSTANT INACTIVE B 0 0
info SETUP CLKPROP SETUP PORT CONSTRAINED [ R 0 0
info SETUP CLKPROP SETUP PORT IGNORED b7 0 0
info SETUP sDC SETUP SDC CMD IGNORED b1 0 0
info SYNC CTRLPATH CDC SYNGC CTRL 1 0 0
info SYNC DATAPATH CDC SYMC DATA | EE 0 0
info SYNC IGMOREPATH CDC IGNOREPATH QUAS| STATIC 1 0 0 m
info GLITCH GLITCH CDC GLITCH DATA bs 0 0
Total: 449 449 0 0
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CDC Data Crossing Analysis — RTL & SUS

I ] (TR L
r===== =
| _:
R i ey e - I ST i I N ¥ 2 1
i 3 e gl " et T
I = - i
1 !
i ! g ) =
Is i 1 =
! 1
et :
hconfigure_cdc_data_sync —enable syncpoint reporting true
NUSTRUEE N [ S ~eulfil) RO RTL
|CDC SYNC DATA
PORT_BINBUSOZ{7:0]— - —— - A e e -I
ﬁﬁ{iﬁﬁ;¥4 lu.l DUALIFIER_CONVERGES_SYNC SRl :
1
r o1 1
I
G St
I uaea g |
=
s e L_rd:___: ------ (7 o e e e

u_rtl 08_u_rl_09 sync_a

E2ENRA_SRESYNCRX2

{
u_rll_DB_auto_load_syned |
d af s
1o
1
phi
resafl

[T Pt maTid

‘;,' n3098

CDC UNSYNC DATA
% ‘w
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CDC Data Crossing Analysis — SUS & SAS

O - : L————————JI : : ______________ n: “:':‘E'}“’
== |CDC_SYNC_DATA
SAS
LT [ S ——— = T
1
R '.J e '- [ DUALINER_CONVERGES_STNC_SAClkd :
1
1
e :
[ oo b
1 “1 1
g |DE_(1 :.—. I r_.;._-:-;.' ---------------------------------------

P Rf;mfhﬁ}/ CDC UNSYNC DATA
E2ENRA SF:ES;MCﬂxz ; ‘%
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Analysis of Glitches Caused by Unsynchronized Signal
Crossing — RTL & SUS

---------------- |CDC_GLITCH_DATA RTL
.............. n |
| I
== 1
_____________________________________________________________________________________________________________________________________________________________________________________________________________ Sus
lCDC_GLITCH_UNSYNC
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Analysis of Glitches Caused by Unsynchronized Signal
Crossing — RTL & SUS

Block by a qualifier
B i ------------- :
lC DC GLITCH DATA
i n
I
s Ly
lCDC_GLITCH_UNSYNC

SAS

SUS
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Results

Static Aware Vs. Unaware Synthesis QoR

0
Ciritcal Path Slack CLK_A Domain (ns) ‘
0

Ciritcal Path Slack CLK_B Domain (ns) M

D

O o W e =ﬂ

A
Noncombinational Area (K gates) _ ‘

Combinational Area (K gates) M

0,00 0,50 1,00 1,50 2,00 2,50

L SAS =SUS

Critical Path
Slack
Remained same

between SAS and
SUS
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© BROADCOM

E in CDC errors & demonstrating its effectiveness in I

Significant time savings & efficiency gains by integrating CDC

analysis into the synthesis process, reducing manual debugging
and correction time

Enhanced data integrity across clock domains with SAS, ensuring
reliable circuit performance even in complex designs with multiple
clock domains

Conclusion

Faster TTM and superior alternative to traditional synthesis

methods, with SAS streamlining development cycles and improving
design quality

has been evaluated in this paper. Gave constructive feedbacks to Synopsys.
Could significantly benefit the industry as a whole”
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