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 Why CDC Verification on Gate-Level Designs
* Traditional Methodology and Challenges
* Proposed Gate-CDC Verification Methodology

* Experiments & Results



Clock Domain Crossing(CDCQC)

« What is CDC
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» Signal originating in one clock domain sampled in another asynchronous clock domain
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* Traditionally CDC verification done on RTL

CDC |
RTL Verification CDC Cleanl Synthesis ——> Neftlist
Sl |RTL A A

Possible CDC issues introduced during synthesis

- Glitch-prone combinational logic in CDC path

- New CDC paths due to insertion of Power/DFT logic
- CDC synchronizer template may break due to logic optimization
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* CDC path introduced due to insertion of lo¢ .

1

>
> \ > j‘> pwr_ctrl
— e . iso_en
clk1
upf_version 2.0
set_design_top top

create_power_domain TOP
create_power_domain PD_TX -elements {Tx}
create_power_domain PD_RX -elements {Rx}
create_power_domain PD_RX2 -elements {Rx2}
create_supply_port VDD_HIGH
create_supply_net VDD_HIGH -domain TOP
connect_supply_net VDD_HIGH -ports VDD_HIGH
set_isolation PD_TX_ISO_OUT -domain PD_TX -clamp_value 1 -applies_to outputs -isolation_power_net
VDD_HIGH \
-isolation_ground_net VSS -isolation_signal {x} -isolation_sense low -location parent
set_isolation PD_TX_ISO_OUT -domain PD_RX -clamp_value 1 -applies_to outputs -isolation_power_net
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* Combination logic that can reduce to:
e X.~Xor X+~X




Gate-CDC Mux Glitch Example

RTL Logic : Mux based synchronizer
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Mux implementation after synthesis

1

~sel

sel

B=1

¥

Glitch-prone :
sel | ~sel when
A=1andB =1

}Sel

=
=

‘-

1

Glitch blocked :
Output = 1 when
A =1andB =1
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Gate-CDC Mux Synchronizer Glitch Example

RTL Logic : Mux based synchronizer
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Combo-logic implementation after synthesis
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For given constants, logic reduces to
(tx0|~tx0) which causes glitch
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RTL Logic : Mux based synchronizer Combo-logic implementation after synthesis
- I B I -
— data ‘]‘7 |1y

1 _en2
1] 0
.— — mx_end — n_en2
> D> i

-

Adding the logic
does not let the
glitch propagate
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CDC Verification Flow
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» CDC verification is necessary on gate-level netlist

RTL

CDC

—> Verification on ——

RTL

CDC Clean
RTL

Synthesis

—~  Netlist

l

CDC
Verification on
Gate-level

l

CDC
Clean
Netlist
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Traditional Methodology

Design [ Setup Constraints :

clocks, resets,

\/ﬂnts’ o

N

Run CDC analysis >

Refine clocks

AN

\

Analyze CDC results

YeS| Add constraints :
stable, constant

J,

no

Fix violations >

Add

N " bl

CDC sign-off
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Traditional Methodology BVEEN a@
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Huge setup effort

AN

Design

clocks, resets,

[ Setup Constraints :

SOl is2 IS S0z //¢  Manually creating constraints
/ setup not feasible

Run CDC analysis > Refine clocks Noise

- » bit-blasted CDC paths asis
> « Scan inserted CDC path
Analyze CDC results - New hierarchies introduced

@ ves| Add constraints « Too many iterations needed
i~ 1L S N e B} I__.._._.__ber
[ stable, constant J Difficult to debug it

e RTL waivers do not work
. 7Noi correlatiqn wirtrh RTL ted

Fix violations > Add : ~4
scap '~ai=

ers
\/N What
about

CDC sign-off :
glitch ?

no
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Gate Design Constraints at RTL ted RTL reused
ate

Autom
Q-* Setup
13
Transformation engine

Run CDC analysis Waivers at RTL
Reduced = rte.grcl)luped
a:u_ Nlefae matically
$¢

Transfor {
CDC results % ol 1 ‘
[ Glitch results ] P\ R B B =
3\ ‘ | L honored
RTL signals

-

Fix CDC & ]
\_t—\ e — - .

e O E Glitches  yctional
_ Detected binational

< Focused glitch debug



RTL Constraints Reuse

netlist blackbox
TELIST o GO GIC m?ster

netlist constant ccc SyncO asyncl sel 1'bl
netlist constant shadow clock 1'b0

netlist constant tap atpg shift 1'bo

netlist constant tap test mode tdr 1'b0

netlist constant tcr async reset atpg ctrl 1'b0
netlist constant tcr async set atpg ctrl 1'b0
netlist constant tcr cqc atpg ctrl 1'b0

netlist constant msm addr range 1'bl

netlist axi clk -group AXICLK
netlist ddr_cc.u_core 2x_clk mux,genblk1[1].inst0.z -group DDR2XCLK
netlist ddr cc.u core clk div2.instd.clk out -group DDR2XCLK

netlist ddr cc.u_core clk mux,genblk1(1].1n5t6.2 -group DDR2XCLK
netlist ddr2xclk -group DDR2XCLK

netlist menintclk -group DDR2XCLK

netlist cdeslogic clk -group DDR2XCLK

netlist ddr_cc.runAlwaysClock gate.genblk1(1].inst@.clk -group DOR2XCLK
netlist ddr_cc.intClk gate.genblk1[1].inst0.clk -group DOR2XCLK

netlist ddr cc.ddr2xClk gate.genblk1[1].inst0.clk -group DDOR2XCLK
netlist ddr cc.u_clk src.genblk1{1].inst0.z -group DDR2XCLK

cdc custom sync
netlist 200¢ derect_async_rs_ctrl

cdc custom sync qctlib edge detect dftc async rs ctrl -type DFF

cdc custom sync data -from edge in -to async_edge -module qctlib edge detect dftc async rs ctrl
hier assume port edge in -no combo -module qctlib edge detect dftc async rs ctrl

hier port domain reset edge stb - clk -module qctlib edge detect dfte async rs ctrl

hier port domain async edge edge 1n -module qctlib edge detect dftc async rs ctrl -sync

cdc report crossing -through { smiEbi.memController.dataReadLogic.devRegData[*] } -severity waived
cde report crossing -from *io_cal top.pent qual* -to *io cal top.pent_reg* -severity waived

cdc report crossing -from *io cal top.ncnt qual* -to *io cal top.nent reg* -severity waived

cdc report crossing -from {*io cal top.pcnt regl0]} -to {*loc pent set(0]} -severity waived

ede report crossing -from *io cal top.nent reg* -to *ioc nent set* -severity waived

cdc report crossing -through msm addr -severity waived
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Traditional Methodology :

« Constraints not applied due to name
and topology changes post synthesis

* No black-boxing

« Redundant processing inside the module

« Custom synchronizer not detected
« False missing synchronizer - Noise



RTL Constraints Reuse

netlist blackbox cmm_cdc_master

L Lt
netlist constant ccc_syncd asyncl sel 1'bl
netlist constant shadow_clock 1'b0
netlist constant tap atpg shift 1'b@
netlist constant tap test mode tdr 1'b0
netlist constant tcr async reset atpg ctrl 1'bo
netlist constant tcr async set atpg ctrl 1'bo
netlist constant tcr cgc atpg ctrl 1'bo
netlist constant msm addr range 1'bl
netlist axi clk -group AXICLK
netlist ddr_cc.u_core_2x_clk_mux.genblk1[1].inst0.z -group DDR2XCLK
netlist ddr_cc.u_core clk div2.inst@.clk out -group DDR2XCLK
netlist ddr cc.u core clk mux.genblk1{1] . inst.z -group DDR2XCLK
netlist ddr2xclk -group DDR2XCLK
netlist memintclk -group DDR2XCLK
netlist cdeslogic clk -group DDR2XCLK
netlist ddr_cc.runAlwaysClock gate.genblkl(1].1nst0.clk -group DDR2XCLK
netlist ddr_cc.intClk gate.genblk1[1].inst0.clk -group DDR2XCLK
netlist ddr_cc.ddr2xClk gate.genblk1[1].inst0.clk -group DOR2XCLK
netlist ddr_cc.u_clk_src.genblk1[1],instd,z -group DDR2XCLK
netlist {ddr_read_dqs(3]} -group group3
netlist {ddr_read dqs(2]} -group group2
netlist {ddr_read dqs(1]} -group groupl

£l NPT
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cdc custom sync

METTIST constant snagow clock 109
netlist constant tap atpg shift 1'bo

netlist constant tap test mode tdr 1'bo

netlist constant tcr async reset atpg ctrl 1'bo

netlist constant tcr async set atpg ctrl 1'b0

netlist constant tcr cqc atpg ctrl 1'bo

netlist axi clk -group AXICLK

netlist ddr_cc.u_core_2x_clk_mux.genblkl 1 .inst0.z -group DDR2XCLK

netlist blackbox cm cdc slave 1

netlist blackbox cm_cdc_master 0 2
netlist blackbox cn_cdc_master 0 1

netlist clock ddr_cc.u_core_clk_div2.inst0.clk out -group DOR2XCLK
netlist clock ddr_cc.u_core clk mux.genblkl 1 ,inst@.z -group DDR2XCLK
netlist clock ddr2xclk -group DOR2XCLK

netlist menintclk -group DDR2XCLK

netlist cdeslogic_clk -group DOR2XCLK

netlist ddr_cc.runAlwaysClock gate.qenblkl 1 ,inst@,clk -group DDR2XCLK
netlist clock ddr cc.intClk gate.qenblkl 1 .inst6.clk -group DDR2XCLK

netlist clock ddr cc.ddr2xClk gate.genblkl 1 .instd.clk -group DDR2XCLK
netlist ¢ ddr_cc.u_clk src.genblkl 1 .1nstd.z -group DDR2XCLK

netlist clock {ddr_read dqs(3]} -group group3

netlist {ddr_read dqs(2]} -qroup group2

netlist {ddr read dqs(1]} -group groupl

cde
cde
cdc
cde
cdc
cde

hier assume porq@{
hier port domain Teset edge stb
hier port domain async edge edge in -module qctlib edge detect dftc async rs ctrl -sync

dge’'defect: @S}lﬁ@“!fsr@trf

‘Tk -module qcttib edge detectdftcTasync rs ctrl

report crossing -through { smiEbi,menController, dataReadLogic.devRegData(*] } -severity waived
report crossing -from *io_cal top.pcnt qual* -to *io cal top.pent reg* -severity waived

report crossing -from *io cal top.ncnt qual* -to *io cal top.nent reg* -severity waived

report crossing -from {*io_cal top.pent reg(0]} -to {*ioc pent set[0]} -severity waived

report crossing -from *io_cal top.ncnt_reg* -to *ioc_ncnt set* -severity waived

report crossing -through msm addr -severity waived

cdc custom sync

cde
cde
cde
cde
cde

cde

hier assune po
hier port donain reset edge stb -Tock clk -nodule qctTIb edge detect dftc async rs ctrl 16
hier port domain async_edge edge in -module qctlib edge detect dftc async rs ctrl 16 -sync

GTa]11 oY etulde}’eeiras yncsrs:otrle 16

report crossing -through { smiEbi.memController.dataReadLogic.devRegbata * } -severity waived

report crossing -from *io cal top.pent qual* -to *io cal top.pent reg* -severity waived

report crossing -from *io cal top.nent qual* -to *io cal top.nent reg* -severity waived

report crossing -from {*io_cal_top.pcnt_reg reg 6 .iq} -to {*ioc_pcnt_set reg 0 _.iq} -severity waived
report crossing -from *io_cal top.nent_reg* -to *ioc_nent set* -severity waived

report crossing -through msm addr -severity waived
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RTL Waivers Reuse

RTL Constraints
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Auto-generated gate constraints

netlist blackbox cm cde slave

netlist blackbox cm_cdc master

netlist constant propagation

netlist constant ccc sync asyncl sel 1'bl

netlist constant shadow clock 1'bo

netlist constant tap atpg shift 1'b0

netlist constant tap test mode tdr 1'b0

netlist constant tcr async reset atpg ctrl 1'bo

netlist constant tcr async set atpg ctrl 1'b0

netlist constant tcr cqc atpg ctrl 1'b0

netlist constant msm addr range 1'bl

netlist axi clk -group AXICLK

netlist ddr_cc.u_core_2x_clk_mux,genblk1(1].inst0.z -group DDR2XCLK
netlist ddr cc.u core clk div2.inst0.clk out -group DDR2XCLK
netlist ddr_cc.u_core_clk mux.genblk1(1].inst0.z -group DDR2XCLK
netlist ddr2xclk -group DDR2XCLK

netlist nenintclk -group DDR2XCLK

netlist cdeslogic clk -qroup DOR2XCLK

netlist ddr_cc.runAlwaysClock _gate.genblk1[1].inst0.clk -group DOR2XCLK
netlist ddr_cc.intClk gate.qenblk1[1].inst@.clk -aroun DOR2XCLK

netlist blackbox cm cdc slave 1

netlist blackbox en cdc master 6 1

netlist blackbox cm_cdc master 0 2

netlist constant propagation

netlist constant ccc syncd asyncl sel 1'bl

netlist constant shadow clock 1'bd

netlist constant tap atpg shift 1'bo

netlist constant tap test mode tdr 1'b0

netlist constant tcr async reset atpg ctrl 1'b6

netlist constant tcr async set atpg ctrl 1'b0

netlist constant ter cqc atpg ctrl 1'b0

netlist axi_clk -group AKICLK

netlist ddr_cc,u_core_ 2x_clk_nux,genblkl 1 .inst0.z -group DDR2XCLK

netlist ddr cc.u_core clk div2.inst0.clk out -group DDR2XCLK

netlist ddr_cc.u_core_clk_nux.genblkl 1 .instd.z -group DORZXCLK

natlist ddr2xclk -group DOR2XCLK

netlist nenintclk -group DOR2KCLK

netlist cdeslogic clk -group DOR2XCLK

netlist ddr _cc. runAlwaysClock gate,genblkl 1 .inst@,clk -group DDR2XCLK
dde

$licd

netlist ddr cc.ddr2xClk gate.genblk1(1]. irf
netlist ddr_cc.u_clk src.genblk1[1],instd,
netlist {ddr_read dqs[31} -group group3

Reduces noise and verification effort aroup DIRACLE

AClLaste asablin 1 _iacttoclk -group DOR2XCLK
0.clk -group DDR2XCLK

}
netlist {ddr_read dqs[2]} -group group2
netlist {ddr_read dqs(1]} -group groupl
netlist {ddr_read_dqs[0]} -group group0
cde custom sync qctlib edge detect dftc async rs ctrl -type DFF
cdc custom sync data -from edge in -to async edge -module qctlib edge detect dftc async rs ctrl
hier assume port edge in -no_combo -module qctlib edge detect dftc async rs ctrl
hier port domain reset edge stb - clk -module qctlib edge detect dftc async rs ctrl
hier port domain async edge edge in -module qctlib edge detect dftc async rs ctrl -sync
cdc report crossing -through { smikbi.memController.dataReadLogic.devRegData(*] } -severity waived
cde report crossing -from *io cal top.pent qual* -to *io cal top.pent req* -severity waived

netlist {ddr_read dqsi2}} -group group?

netlist {ddr_read dqs(1]} -group groupl

netlist {ddr_read_dqs(0]} -group groupd

cde custom sync qctlib edge detect dftc async_rs ctrl -type DFF

cde custon sync data -from edge in -to async edge -module qctlib edge detect dftc async rs ctrl 16
hier assune port edge in -no combo -module qctlib edge detect dftc async rs ctrl 16

hier port donain reset edge stb - clk -module qctlib edge detect dftc async rs ctrl 16

hier port donain async edge edge in -module qctlib edge detect dftc async rs ctrl 16 -sync

cde report crossing -through { smiEbi.menController.dataReadlogic.devRegData * } -severity waived

14 i

cdc report crossing -from
{*io_cal_top.pcnt_reg|0]}
-to {*ioc_pcnt_set[0]} -severity waived

{*io_cal_top.pcnt_reg_reg_0_.iq}

-to {*ioc_pcnt_set_0_.iq} -severity waived

cdc report crossing -from 1

accellera
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« Scan mux inserted CDC path

clk1 clk2

si

se

 Traditional methodology False
» Synchronizer not detected Alarm



Auto Infer Test Mode Settings

« Scan mux inserted CDC path

. si | si e »

si

1’b0
se
— clkt
== c
clk1 clk2

* Proposed methodology
» Structural analysis detects scan enable settings
» Two dff synchronizer detected

clk2
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Regroup Bit-blasted Crossings

RTL : 16-bit data path

d[15:0]
r[15:0] '
>

sync

 Traditional methodology

» 16 separate 1-bit paths reported

q[15:0]
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Gate-level : 16 separate 1-bit paths

sync

* r_reg_0.iqg->qg_reg_0.ig, r_reg_1.ig->qg_reg_1.iq, ...

[ Crossing count multiplied by number of vector signal bits ]

SYSTEMS INITIATIVE



Regroup Bit-blasted Crossings

RTL : 16-bit data path

d[15:0]
r[15:0] '
>

sync

* Proposed methodology

q[15:0]
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Gate-level : 16 separate 1-bit paths

sync

» 16 separate paths regrouped to 1 CDC path

* r_reg_[15:0].ig -> g_reg_[15:0].iq

[ Crossing count same as RTL for vector signals }
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Proposed Methodology

Gate Design Constraints at RTL
o
$
Transformation engine
Run CDC analysis Waivers at RTL

o
1
Transformation engine

CDC results
Glitch results

|

4

Fix CDC &
glitch issues

]

4

CDC sign-off

Automated

Setup

Reduced
Noise

Debug
Eased

Glitches
Detected
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CDC Run Time CDC Run Memory Usage
- ncigns I
Designs N (.81 16 Designs 15 24
ciona I ;. - KIN
sk 2.8 - Designd 35
Design3 1.69 411 Design3 14 16.9
iqn2 naciqry NG 13
Design2 B 0.55 0.87 Design? 1358 .75
BT I, 7,4 2
Designl 5 48 Designl 43786
0 1 2 3 4 3 0 10 20 30 40 al
Run Time (hours) Memary Consumption (GB)
BProposed Gate-Level Verification Methodology B Proposed Gate-level Verification Methodology
Tradtional COC Verification Methodology Traditional COC verification Methodology

* Average 1.6x improvement in runtime
» Average 18% improvement in memory consumption
» No iterations required for setup



Experiment Results

Number of CDC Paths

Design5 [ReSRuSS 192.516

Design3 N EE— 234.259

DesignZ B 30.519 289.63 353.3
Design1 W13.488
394.146
0 100 200 300 400 500 600
Thousands

Number of Crossings (x1000)

m Proposed Gate-level Verification Methodology
Traditional CDC Verification Methodology

» Upto 80% reduction in noise
 Bit-merging
« Constraints & waivers reuse
» Test logic removed
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Summary

» Gate-CDC verification closure is necessary and now possible
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* Proposed methodology addresses gate-level CDC verification challenges

« Automatic RTL constraints transformation engine
» Auto detection of test logic

» Detect glitches introduced in synthesis

» Regroup bit-blasted CDC paths

» Correlates gate-CDC results with RTL

» Waiver reuse

* Benefits
« Seamless setup and reduced noise
* Accelerates verification closure
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