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Problem / Challenge Today

« High Speed Signal: PCle, USB, SATA/SAS, HDMI, XFI, SFP
« Long Transmission Line, for example:

32-inch LCD panel Gate driver IC

Source driver IC

TCON circuit integrated
into interface board

TCON IC (AU Optronics)

Usually the TCON board would be
mounted here, but only an empty
screw hole was found

Magnified view of top of meatal sheet in panel rear

Fig 4 TCON Circuit Integrated into Interface Board The timing controller IC is mounted
on the interface board, connected to the source driver IC. An empty screw hole was found
where the TCON circuit board would normally be mounted. Textual explanations are guesses
by Nikkei Electronics.

« Cost Concern: 2-layer pcb design
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Problem / Challenge Today
« High Speed Signal: PCle, USB, SATA/SAS, HDM], XF[, SFP

» A tool can help to simulate the behavior of a system , .
over trillion bits transmission in a short time. :

« Long Transmission Line

' A tool can help to model a big scale structure in a
short time with high accuracy

« Cost Concern: 2-layer pcb design

A 3D tool can help to model in a short time with
- high accuracy
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Problem / Challenge Today

A tool can help to simulate the behavior of a syste|

over ftrillion bits transmission in a short time.

m) System SlI, SLA (Serial Link Analysis)

A tool can help to model a big scale structure in a

short time with high accuracy

A3D tocé n heIR/Ito model in a short tm
el =

ncstwems
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Problem / Challenge Today
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Serial Link Sl

i

=System-level sim environment with channel simulation (AMI models)
=Full-wave 3D S-param layout extraction

=Via Wizard

PowerSl| - 3D FEM SystemS| - SLA

St (SIGRS506) \
= Much faster (often
10x vs HFSS)with »System$| Serial - I
comparable accuracy Llnkg.nalyqls :gh an
. award-winning chip-
!re!;lql Qr""c?%%‘fﬂ%ﬁ\"“ to-chip analysis
Iﬁﬁ lower than few solution focuses on

z) gégh-speed IclS1ts~rDe:-t:.

: signs such as _
AT PCle HOM, SFPs, | =
and automated poﬁ Xaui, Infiniband \ :
setup SAS, SATA, USB,
andmore.
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Why 3D?

In 2.5D simulation tool

Xy 1 X y 1 -

vxE=ld O [AL_,H o o2 9 [T jg_,%E
ox oy lag[ |7 at o oy Lozl ot
EX Ey EZ Assumed to be zero: Hx Hy lH_z 1

Ex, Ey,'Hx, and'Hy are Assumed to be zero
constants along z-axis

— — —

mm)1 No E, 2.No E 3No H

Yy Z

Case 1. -> Can be solved by 2.5D tool Case 2. -> Can't be solved by 2.5D tool (because
the E-field is not purely along z-axis)

—

H

cadence



Why 3D?

In 3D simulation tool

X y z B X y z B

VxE = Loy AL :—,uﬁ VxH = o 9 0 =0'E—5E
oX oy oz ot ox oy oz t
E, E, E, H, H, H,

-Every items will be involved in calculation.

Case 1. -> Can be solved by 3D tool Case 2. -> Can be solved by 3D tool (because
the E-field be divided into z-axis and y-axis)
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Why 3D? oOther 2.5D tool's limit

1. Reference to GND via 2. Crosstalk between vias

4____3--"

Signal current on
layer 1

Senes inductance Ly Ryt huetance Lip
Return current on

top surface of

layer 2 f
Via
height h
X hggessor Shied retum Victiry hggesaor Shered et Victin
Signal current on Return current on bottom B K i Vit Vi Vi
" laver 4 surface of layer 3 ': T —p . 4" ' —F‘t 5 4"
3. Coplanar traces 4. Via with big antipad (trace without reference at
\ / ‘\ K antipad)
% é é é All these structures can’t be
Coplanar even mode Coplanar odd mode

solved by 2.5D tool in the
full frequency range due to
the E-field is purely in x- or
y- direction, without z-
direction.

e

Parasitic Microstrip Mode on
conductor-backed coplanar line
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FEM - Finite Element Method

* Finite Element Method (FEM) is a numerical procedure to
convert partial differential equations into a set of linear
algebraic equations to obtain approximate solutions to

boundary-value p

roblems.

V-(EE)Z,O
V(i )=0

Maxwell Equations

CVXE:—ja),uI:I
VxH = joeE +J

—)

Helmholtz Equation

Vx—VxE

— W?sE = — jod

—_—

Using Galerkin’s method to get a weak form:

[ARE ;= {bj

Where {b} is the port excitation
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FEM - Finite Element Method

The basic idea of the finite element method is to divide the
solution domain into small sub-domains, which are called
finite elements, and then use simple functions, such as
linear and quadratic functions, to approximate the unknown

solution over each element.

TP owers| 30-EM - 3D View - [WCO_TOP3_XLAUIG_meg6_153_20140616_SKPR_splt 301 View]
& Eile  View Setup  Tooks  Window  Help

cadence [-lslx

IFEETEIEE [=] i Blo b [z |-l i @e s
Workflow: Power3l 30-E

3DFEM Full-Wave Extraction

Layout Setup
Load Layout File
Check Stackup
Select Nets
Simulation Setup
+ Enahble 3DFEM-FW Mode
Generate For(s)
3DFEM Simulation Options ~ (~
Frequency Seftings
Solver Options
Geometry Options
Cut-3titch Options
Cut and Stitch Options
Split Cutting Polygons
Generate spds

Simulation

Start Simulation

View, Check, Process Result
Network Parameter Display
Show Geometry 3D View
Show SDFEM Field
Fave FOFEM Field
Load 3DFEM Field
Shaw Far Field
De-embedding
Cascading Output
Performance Check.

Generate Model O]
Generate SPICE Model by BBS

¥ Miscellaneous | \esh - Errors | VariablesCheck |

w1 Output| Folder Brawser |

Wer: 14.0. 207161 (GDEM)

@ Ready

JDFEM Display Control X
= OMETALE -
[ 8lock_1
[FlBlock_2
[E]Block_3 J
[ElBlock_4
[ Block_5
[JBlock_&
[ElBlock_7
[l Block_8
[ Block_8 !

Present Resulf  (a) Loaded Resul

¥| Structure Mesh

Surface
%) Visible Surface Colar Filled
Results
Fart -
Frequency -
(+) E Fisld HField J Fielel
=) Veclar Field (real) () Surface Fiekd

Vector Field imag)

*) Linear Scale Log Scale
Apply AutoScale
Clip setting
W -——— |Reverser|
v — Reverser|
z — Reverser|

Layer Selection SDFEM Display Contral
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Inherent Defect of FEM
= DC Point —

Full-wave (solving Maxwell/Helmholtz equation) FEM equations are singular at DC,
that is:

[A]{E} € {b} can’t be solved at frequency=0

Extra-interpolating is a commonly-adopted method by most tools.

) Risky!!

Cadence 3DEM uses another FEM solver (not Maxwell/Holmholtx equations) at
DC point (that is, PowerDC)

= Low Frequency Range —

Full-wave (solving Maxwell/Helmholtz equation) FEM equations are ill-conditioned
at low frequency range.

Longer simulation time and risk of non-reasonable result

Cadence 3DEM uses another FEM solver (especially for low frequency conditioning
algorithm) at low frequency range. _ .
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Inherent Defect of FEM
« Big Case -

[ARE = b}

If there’re n-2 elements (E2, Es, ..., En-1) to be solved, where E1 and En
are known boundary elements, the matrix operation could be expanded
as the following:

— p— —_— — p— —

A22 A23 AZn—l E2 b2 | A21E1 + A2n En
A32 ASB ASn—l ) E3 b3 ASlEl + Azn En

n-2 —

_An—12 An—13 An—ln—l_ En—l bn—l _An—llEl + An—ln En |
( J

Y
n-2

If there’'re 2*(n-2) elements to be solved, how big is the scale of this matrix
operation? How many times the scale of the original matrix operation?
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Inherent Defect of FEM
Big Case -

About 8-inches long

2,206,467 elements

More elements More simulation time, more hardware resource
Less elements Less simulation time, less hardware resource
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Cadence’ s "“Cut and Stitch”

Besides the over-whelming advantages

in DC and Low-Frequency range, which
we just mentioned:

Inherent Defect of FEM
= DC Point -

Full-wave isoiving MaxwelHeimhotz equation) FEM equations are singular at DC,
thatis:

[_,4 ]{E } = {b } can'tbe solved at frequency=0
Extra-interpolating is a commonly-adopted method by most tools.
m) Risky!!

Cadence 3DEM uses another FEM Solver (not MaxwelHolmhotix. equations) at

DC point (that is, PowerDG)

= Low Frequency Range —

Full-wave (sohing MaxwelHelmhalz equabon) FEM equations are ill-conditioned
at low frequency range.

Longer simulation time and risk of non-reasonable result

Cadence 3DEM uses another FEM solver (e
agorithm) @t low frequency range.

lly for kew |

cadence

Now Cadence has a revolutionary

method to speed up the simulation over
big case , which is called -

Cut and Stitch
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Cadence’ s “Cut and Stitch”

The whole idea is:

— — —_ — —_ — j—

A22 A23 A2n—1 EZ b2 I A21E1+A2nEn |
n_2 A A32 A33 ASn—l . E3 b3 A31E1+A3nEn

- An—12 An—13 An—ln—l_ En—l bn—l _An—ll El + An—ln En |

L J

Y
I a2 |
[ A22 A23 Azn—z 1 E b I A21E1+AZEEE | ) _An+2n+2 An+2n+4 An+2 1_ E b _An+2nEn +An+2 En_
2 2 2 2 2 2 2 2 2 e m el 222 2
n_4 Ay A - A, || E b, AE +AE, n_4 Avanz Avana = A (L] [0, | | AvanEs +Aus E,
] . - 2 || o = |- - %22 — 2 2 2 . % = % —| 722 2 2
2 - . b . 2 . : : : : :
Ao A Avans || 22| [T2] | ALE+ALE, Alve At Ada eS| (b | | A BBt ALE,
L 2 2 2 2 | L 2 22 2/ L 2 2 i L 2 2
\ J \ J
1 I
n-4 n-4
2 2
(When n is large enough,) ¥ hardware (When n is large enough,) % hardware
resource, ¥4 simulation time \ 1 resource, ¥4 simulation time

Yo hardware resource, ¥2 simulation time
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Cadence’ s “Cut and Stitch”
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Cadence’ s “Cut and Stitch”
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Cadence’ s “Cut and Stitch”

WCO_TDP3_XLAUI3_meg6_163_20140618_SKPR.log - KWrite

File Edit View Bookmarks Tools Settings Help

B R B0 es0E dY

Solve final model. 6.076286 seconds =
Current available physical memory: 284836 MB
Reduced model port 3 of 4 done, order = 25, time = 629.922385 seconds
Current available physical memory: 204836 MB
. OR 25 vectors 83.187854 seconds
Current available physical memory: 284834 MB
Generate model. 526.815477 seconds
Current available physical memory: 204833 MB
Warning: Too low frequency point @8Hz ignored to avoid solver failure
Solve model. 0.164492 seconds
Current available physical memory: 204833 MB
Generate reduced model 25 done 619.705853 seconds
Current available physical memory: 284833 MB
Generate model. ©.008131 seconds
Current available physical memory: 204833 MB
warning: Too low frequency point @Hz ignored to avoid solver failure
Solve model. 0.114967 seconds
Current available physical memory: 284833 MB
Generate reduced model 20 done ©.115384 seconds
Current available physical memory: 204833 MB
Reduced model of port #4 reached convergence tolerance. Error = 3.879e-07. 0.0988021 seconds
Current available physical memory: 284833 MB
warning: Too low frequency point ®Hz ignored to avoid solver failure
Solve final model. 9.667011 seconds
Current available physical memory: 284833 MB
Reduced model port 4 of 4 done, order = 25, time = 629.505339 seconds
Current available physical memory: 284833 MB
Converged segment #28: freguency range 2.99400e+10 to 3.00000e+18Hz, 12134.173228 seconds
Current available physical memory: 213306 MB
Total 3851 of 3651 frequency points were converged.

——————————————— End Engine--------------------Tue Jul 1 23:24:59 2014

Elapsed time for engine process (final run): 333767 seconds

Available hard disk space: 231036MB

Peak memory usage: 127276MB

Command line:. /Cadence/installs/ASI166/ASI/Update3/SpeedXP/bin/13d engine.exe -PS3DEMENG "/usr2/skipper/Case DNI 3DEM 20140623/WCO TDP3 XLAUI3 meg6 163 20140618/"
"WCO_TDP3_XLAUI3 meg6 163 20140618 SKPR" .

Command line:, /Cadence/installs/ASI166/ASI/Update3/SpeedXP/bin/d3d_engine.exe -PS3DEMENG "/usr2/skipper/Case_DNI_3DEM 20140623/WCO_TDP3 XLAUI3 meg6 163_26140618/"
"WCO TDP3 XLAUI3 meg6 163 20140618 SKPR" .

|Total elapsed time for the simulation process: 186 hours 5 minutes 5.94e+01 seconds| E
q % @ El X VNC config BB Allegro Sigrity Suite Mar 320140717 - Konqueror (D vpp8_0725_test - Kongu: £ WCO_TDP3_XLAUI3_m @ﬂ 15:58
3 &8 @ 4 Shell - Konsole T2 OPI_4 RTK_20140613_c. (@ ftp://ftp.cadence.com/ - [ WCO_TDP3_XLAUI3_mec < PowerS| 3D-EM - [S Am i

Original: 106hr, 5mins, 59.4seconds
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Cadence’ s

"Cut and Stitch”
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Cadence’ s “Cut and Stitch”

What happened to the cutting edge?




Cadence’

s "Cut and Stitch”

What happened to the cutting edge?

EMC/EMI Simulation (Radiation)

Resonance Analysis
3DFEM Full-Wave Extraction

Layout Setup |

Load Layout File |
Check Stackup
Select Mets

Simulation Setup

+" Enable 3DFEM-FW Mode
Generate Port(s)

3DFEM Simulation Options
Freguency Setlings
Solver Options
Geometry Options
Cut-Stitch Options
|Cut and Stitch Opﬁnnsﬂ
Split Cutting Polygons

Generate spds

Simulation
Start Simulation

View, Check, Process Result

Metwork Parameter Display
Show Geometry 30 View

She Eiald

>aAvE U eld

Load 3DFEM Field
Show Far Field
De-embedding
Cascading
Performance Check

Generate Model

File )]

Trace Impedance/Coupling Check

Hybrid work flow

General
File Manager
Sawe Options
Hotkeys

Layout '5)
Grid and Unit
View
Processing
Error Chedking
Translator

3D Layout View (‘:‘)
Display
Quality

Simulation (Basic) ()
General
Metwork Parameters
Spedal Void

3D FEM @

Freguency Setlings
Solver Options
Geometry Options

T
" &)  Change the 'Cut and Stitch Options' options in PowerSI 3D-EM

[] Automatically launch cut models and stitch solutions

Edage shape width: * trace width

Port width: * trace width

Via diameter: * frace width
Via Diameter "“’HT

Port Length

g

MPI Options g

L]

-

L <

= []

= Port Width 2
Edge
Shape

 EE—

Default | | oK | | Cancel |
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Cadence’ s “Cut and Stitch”

At the end, 3DEM will cascade the S-parameters to get the over-all behavior of
the test case:

— Port M+l - Fort1 ————————————— MNtlport
Port ——=8 I - L | o
Choose Topology: |TD olo | - |
pology palogy (I} Eiis &  Filel:5parameter Lo FORLNEE g POtd g mics s parameter g 1#2 port
- of 2N Port - - of 2N Poet -
Pt e g 2Mport g PONT g p = 2N port
L M+1 port
Portl o &
— 4@ Fil=2: & paramster W42 port
Port 2 . of 2M Port . =
s @ 2Mper
Fort ———————————————
Index File Specification File Mame File Path
1 File to be cascaded from left side
2 File to be cascaded from right =...
3 Qutput file that contains casca...
| oK | | Cancel ‘

(This dialog window is for demonstration. During 3DEM cut-and —stitch
simulation flow, you don’t need to do this. 3DEM will do this automatically)
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Cadence’ s “Cut and Stitch”

s amplitude (dB) WCO TDE3 HLAUI3 megh 163 20140618 SKPR =plit.=pd

]

-

T
I
I
|
10 == R Ammmmmmmmmm—mm - - A
| |
|
I
!

i
=
—_—
i

]

I

i

I

L=

5

!

= ="
e
-

I
-:F’\__,'b
—
p—

ey

|
|
20 4 Y- —— e A R
| |
'\ '.’“\‘ | |
| |
Il- ¥ I i |
| | I | I I
| | |
A e
i s " 1
| | |
| | |
| | |
| | |
| | |
| | |
—40 Tt m———— —: ——————————————— r —————————————— —: ———————————————
| | |
| | |
| | |
| | |
| I |
| | |
B I Hemm e Hemmm e m -
| | |
| | |
X 24 g 10 15 20 25 30
(13 sections, 12 cuts) Frequency (GHz)
Jusr2fskipper/Case_DMI_3DEM_20140623/WC0_TOP3_XLAUIG_megf_163_2014061&WCO_TDP3_XLAUIE_megb_1 G3_20140618_SKPR_FIT]
fusrz/skipper/Case_DMNI_3DEM_20140623/WC0_TDP3_XLAUIZ_meyf_163_2014061&W CO_TDP3_XLAUIG_meqB_163_20140618_SKPR_FIT

Just2fskipper/Case_DINI_3DEM_20140623/WC0_TDP3_XLAUR_megb_163_2014061 8 CO_TDPI_XLAU_meqb_1 63_20140618_SKPR_FIT]

0

These lump-ports’ effect will cause the tiny difference between the cut-and
stitch and the overall results.
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Cadence’ s “Cut and Stitch”

Cut in two different ways:

. 4 .
Case 1: 13 sections, 12 cuts )‘ Case 2: 5 sections, 4 cuts

cadence



5 Emplitude

Cadence’ s

"Cut and Stitch”

Spbp21

WCO_TDP3_XLAUIZ megf_ 163 20140616 SKPR split5.spd

5 Amplitude

WCO_TDP3_XLAUT3 meqgf_163_20140616_SKPR_split5.spd

R e

5 10 15 20 25 3
Frequency (GHz)

n
[
=)
-
n
)
=1
2
0
w
=]

Frequency (GHz)

fusréfskipper/Case_DNI_3DEM_Z014062Z3/Split_TestWC0_TDR3_XLAUII_meg6_163_2Z0140613_SKPR_splits_allResult 34P - 51[01,2,03 4]
fusréfskipper/Cage_DMI_3DEM_20140623/WCO_TDPI_XLAUI3 _meg6_163_20140618"WCO_TDP3_XLAUI3 _megB_163_20140615_SKPR_FIT]

Jusrz/skipper/Case_DMI_3DEN_20140623/WCO_TDP3_xLAUI3_megB_163_z0140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKPR_FIT)
fusrziskippar/Case_DNI_IDEM_20140623/M/CO_TDP3_XLAUI3_megb_163_20140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKFR_spli

4 Cuts

13Cuts
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Cadence’ s “Cut and Stitch”

Scc21

5 mnplitude WCO_TDP3_MLAUIS meg6_ 163 20140618 SKER_split5.spd 5 mnplitude WCO_TDP3_HLAUIS megf_163_ 20140618 SKER_split5.spd
T

e T I S
i

[ R ——————— — e e S e .. - ek M- - A ee.ea e-e_iaainonbFk
i
A e o O S T A .- = SO v
1
|

0.7 I .. R

Frequency (GHz) Frequency (GHz)

Jusrz/skipper/Case_DNI_3DEN_20140623/5pll_Tesl/WCO_TOP3_XLAUIS_megb_163_20140618_SKPR_splils_allResult 54F - S1[C1,2,C3,4] Jusrz/skipper/Case_DMI_3DEN_20140623/WCO_TDP3_xLAUIZ_megb_163_z0140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKPR_FIT)
fusrziskipper/Case_DNI_IDEM_20140623/MCO_TDP3_XLAUI3_megs_163_20140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKFR_FIT fusrziskippar/Case_DNI_IDEM_20140623/MCO_TDP3_XLAUI3_megs_163_20140618/WCO_TDP3_XLAUI3_megh_163_20140616_SKFR_spli

4 Cuts 13Cuts
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Cadence’ s

Sppi11

5 Emplitude (dE)

]

a0

-50

"Cut and Stitch”

WCO_TDP3_XLAUIZ megf_ 163 20140616 SKPR split5.spd

s mmplitude (dB) WCO_TDP3_XLAUIS meg6_163_20140615_SKPR_=plit5.spd

]
: :
1 1
. .
1 L. [
L I 1
1 1 1 1 1
o " ] ] 1 a [
1L : : : : : :
| l [ 1 1 1 1 1 1 1
| | | | | | | |
————————————— - e el e k| i = 1 L
1 1 1 1 1 1 1 1
: : : : S Armmmmmmmnee e e frommmmmeeeees I
7777777777777777 ] : : : : :
: : : : S 1 s Armmmmmmmnee pemmmmmmnoees e frommmmmeeeees I
1 1 1 1 1 1 1 1 1
et e frmmmmm e e oo Bl D B Ao prommmmeneeee e I — R
1 1 1 1 I 1 1 1 1
5 5 20 25 3 5 10 15 20 25 3

Frequency (GHz)

Frequency (GHz)

Jusrz/skipper/Case_DNI_3DEN_20140623/5pll_Tesl/WCO_TOP3_XLAUIS_megb_163_20140618_SKPR_splils_allResult 54F - 51D1,2,01,2]
fusrziskipper/Case_DNI_IDEM_20140623/MCO_TDP3_XLAUI3_megs_163_20140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKFR_FIT

Jusrz/skipper/Case_DMI_3DEN_20140623/WCO_TDP3_xLAUIZ_megb_163_z0140618/WCO_TDP3_XLAUI3_megh_163_20140618_SKPR_FIT)
fusrziskippar/Case_DNI_IDEM_20140623/MCO_TDP3_XLAUI3_megs_163_20140618/WCO_TDP3_XLAUI3_megh_163_20140616_SKFR_spli

4 Cuts

13Cuts
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Cadence’ s “Cut and Stitch”

Sccua

5 maplitude (d5) WCO_TDES_MLAUIS megh 163 20140615 SKPR_splith.spd s mplitude (d5) WCO_TDES_NLAUIS megh 163 20140615 SKPR_splith.spd

T T T T T

1 1 1 1 1

1 1 1 + 1

1 1 i 1

1 1 |
BT . ¥ N N g T A S P = A AN

! 1 1 1

| I ! ! | | |

i i i i i i

1 1 1 1 1 1

1 1 1 1 1 1

1

777777777777777 B S L B S e

1 1 1 1 1 1

I 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1
_____________________________ IS N O || S PO

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1
777777777777777777777777777777 e I [ e T e i ST

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

| 1 1 1 1 1
—————————————————————————————— P s —m - ]y
25 30 5 10 15 20 25 an

Frequency (GHz) Frequency (GHz)

fusrziskipper/Case_DMI_3DEM_20140623/Split_TestWCO_TDP3_XLAUII_meg6_183_20140618_SKPR_splits_allResult 54P - 51[C1,2,C1,2] fusrziskipper/Case_DMI_3DEM_20140623/WC0_TDP3_xLAUI3_megb_163_20140818/WC0_TDPI_xLAUI3_megB_163_20140615_SKPR_FIT,
fusr2éskipperCase_DHI_IDEM_z0140623/MCO_TDPA_XLAUI3_megf_163_20140616M4WC0_TDP3_XLAUI_megh_163_20140616_SKPR_FIT| fusr2dskipperCase_DHI_IDEM_20140623/MCO_TDPA_XLAUI3_megh_163_201406184WC0_TDP3_XLAUI_megh_163_20140616_SKPR_spli

4 Cuts 13Cuts
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Cadence’ s “Cut and Stitch”

Case 1: 13 sections, 12 cuts Case 2: 5 sections, 4 cuts

" =) 6hr, 48mins, 9.32seconds , ohr, 34mins, 19.55seconds
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Parallel Processing

rl:lptil:uns

File (&) .
General "4}  Change the 'MPI Options' options in PowerSI 3D-EM
File Manager
Save Options 3D EM distributed computation
Hotke - :

L i t”’“"‘ ® is based on Message Passing
you .
Grid and Unit ¥ Run 3D simulation with MPI Ir_]terfac_e (MPI)’ by which the
Vew SD Byt hosts remes S|mulat_|on time can be reduced
o T dramatcally
Translator Host name.

3D Layout View ([~ PC-CHIAWEN W —
: twnsipD1 | Blue:1PC(24-thread] | ||
Display - | Red: PC#1{12-thread)+PC#2(12-thread) —
Quality - 000 Gr:en: PCH1(20-thread)+PCH2 (24-thread) | | | |

i X g | Purple: PC#1(24-thread)+PC#2(24-thread ) +PC#3(24-thread)

Simulation (Basic) l:B — [ I —— —
General ‘J;‘q'm | ‘ ’ i
Metwork Parameters g I | |
SFIEIjEll Void %3.000

3D FEM () o
Freguency Settings Ez.onn
Solver Options I
Geometry Options 1000 | — gt
Cut and Stitch Options || | TestCase: RDL case with 211 ports | ‘ !

Adaptive Meshing Pass Mo
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Parallel Processing

| 1 0) multi-core mesh generation

Solve S at Solution

Frequency

v

|S_new —-S_old|

[ gttt tt——— > .
11) multi-computer

I element error

smaller than 0.02? | nO] I .
e e mmmooommD = calculation
V yes
/’—___\L___—\
;  Solve for \I '/ KMOR for N
. Frequency Point 1 ;! Frequency Band 1 i
I v I E | 3) multi-computer Krylov
1 .

: Solve for I < MOR for ! vecLofr generation for
: Frequency Point 2 S Frequency Band 2 | each frequency band

I 1 1
| Y ! :

1 1 I
| ‘1’ I : ‘1’ : MPI speedup with two
I Solve for I : computers is about 1.5X
\  Frequency Point M 7\ } :

N —' v N p MPI speedup with N

2) multi-frequency points
with multiple computers

33  © 2013 Cadence Design Systems, Inc. All rights reserved.

computers is expected to
be 0.6Nto 0.7N
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Agenda

O

®

OBER — Bit Error Rate
dChannel Response
dEqualizer

QSerial Link Analysis

O

I Massive Bit Transmission

O

cadence




BER-Bit Error Rate

= Bit Error Rate (BER) refers to the rate between error bits
and total transferred bits. For example, to achieve BER less
than 107", you will try hard to make sure your system will
meet one error bit (eye mask violation) after more than10*™

bits transferred.

= The most popular indicator for BER is “Bathtub Curve” and
“Noise Bathtub Curve”.
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BER-Bit Error Rate

L
=

-
=

°f Vertical

' Noise Bathtub
- Curve

FC)

.....................

Horizontal

Bathtub Curve

....................
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Channel Response

Using “Circuit Simulator”:

Lol IR ] 0 i
1y fﬁ;:;‘;;;;s | J|r|l I ||||]| |,1,|‘ i || I|I[j]1|ﬁm}' Ijlllql jl'hhhhﬂﬂ] '”Hk I||Fnl|| I!iHI ' JI||1|| I 'llﬂlh'l'lfl ||| |||| |]'||f,| |1 |'1Tr1HJ!J| '||h ﬂﬂ‘i Mjl ||1|]r|uIII ,|I||.,1,'u»,. |,er;|ljl||||]|]|,1'|“ A|| H}|I|1J31|| 1||1| J.[nﬂﬁ.'[lhll ||| |||1
1 WHW A
S MR R R

J,L ,LJ

It
128bits 1hr 47min
1,000,000,000,000bits 27?7
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Channel Response

Serial Link | . Data out

FFE DFE/CDR

3(t) h(t)

V\_

Channel’s Impulse Response
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Channel Response

|
|
I |
| Package Package
X(t) :I> Interclgn?]ect |nt§?/(;s(§ﬁ:]nect Interclcjnﬂect I y(t)
:
y(t)=h(t)*x(t) = Ih(t —7)X(7)d7

Y(1)=X(1)-H(T)

Where y(t);Y(f),X(t);X(f),h(t);H(f)
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Equalizer

|
I h(t) I
|
: S | Data out
Pack Pack
X(t) _|I> Inte?goﬁcht Interconnect Intee:goigzct :_ T y(t)
|
|
FFE | DFE/CDR
____________________ d
eql(t) eq2(t)

Y (1) =X(1)-EQL(T)-H(T)-EQ2(T)

An |deal equalizer will compensate the distortion effect of the channel in
the following way:

EQL(f)-EQ2(f)=H(f)
Then:
Y(f)=X(f)-EQL(T)-H(f) -EQ2(T)
= X(f)-H(f)-H7(f)=X(f)
And
h(®)*h (1) =3() = H(F)-H(f) =1
Impulse cadence



Equalizer

For Example, if:

0125} - - -moom o
0.0625L======="-~

®
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Equalizer

H _1( f ) h' t 4 The total impulse
y response of TX
) and RX Equalizer
6
| lll’>
4 ________________________ i / ﬂ
7 A |
: : . : —* ~= \/A >

0 1 p) 3 4
,fo

A=2f, 20 =21, 3Af=Sf Aaf=f SAF=f,
5 5 5 5

1. Select fo; fois the maximum frequency range where the spectrum of the signal
take effect.
2. fo will decide the size of At on time axis, A.K.A “Tap”.

3. Select how many post-taps you want to implement into your Equalizer.
2 taps?

5 taps? The More Taps; The Better!!
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Equalizer

The total impulse
response of TX
and RX Equalizer

|

4. Select how many pre-taps you want to implement into your Equalizer.

v

a=te ar=2e =3 aar-
5 5 5 5

bp e,

0 taps?

1 taps? The More Taps;, The Better!!
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Equalizer

h(t) [ “

1
|
[
[
[
[
[
J>><
v

X3
thuaIizer (t) = X—15(t + At) + X05(t) + X15(t B At) + X25(t - ZAt) iy X35(t - 3At) + X45(t - 4At)
Pre-Cursor Main- Post-Cursor
Cursor
Where:

o (t) is Dirac Delta Function, A.K.A Impulse
At isthesize of a“Tap”.
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Equalizer

(t) =X, 0(t+ At) + X, 0 () + X, (t = Al) + X,0(t — 2At) + X, 0 (t — 3At) + X, 5 (t — 4At)

thuaIizer

R Delay Q
delta-t l

v
v

Delay
delta-t

Delay
delta-t

Delay
delta-t

Delay

delta-t FFE = Forward Feedback Equalizer
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Equalizer

Mostly, a digital equalizer’s behavior will be described by AMI model:

Digital Data

Setting Taps, coefficients, limit of
coefficient, or come out the optimized
coefficient.
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Serial Link Analyze

wRSystemSI - SLA_10G_KR_UPDT. ssix

Fle Edt Vew Setp Tools Compliance Window Help

I

cadence

Ver: 14.0.2.08131 (SystemSI - SLATI)

eyectr_Tx1[FTVDD,FGND] . cur
I evectr_Rx1[PTVDD,PGND]. cur

Loaded Curves

0.3+

014

024

034

0
Bit Period (L)

result\1\yplevectr.cur

result\1\typ\eyedensity_Rx1[PTVDD,PGND].tet

0.108.1

i Ha - o - B E B el e s X E S R L = N s T T3
Workfiow: SystemSI X | I atserial Link Analysis : D:\CDN_Live_2014\SLA. ..\5LA_10G_KR_UPDT ssix o ox|
Link Analysis Al =] || Report Channel Report
Chantrel Setyn ) Wed Sep 2¢ 16:12:42 2014
ey ——— & =d Se 112:
Load & New/Existing Workspace result\1\typ\report_Tx 1[FTVDD,PGND]. txt P 2 2:42 2
£t Channel Models result\1\typ\epart_Rx1[PTVDD,PGND]. tet S
Simulation Setup () 1
Set AMI Parameters Data Rate = 10 Gbps 1
Set Analysis Options Number of Bits 200034
Run Channel Simulation b = Ignore Time 5000 nsec
Simulation Results = R Channel Coding §4b66D
Primary Driver Tx1
Show Simulation Curves Data Pattern - random
Browse Results v 1T Number of Aggressors =0
SFP+ Compliance ¥ AMI r Characterization Data D:\CDN_Live 2014\SLA 10GKR\E
- i S ' Delay = 2.129 ns
HDMI Compliance : o : Intra-Pair Skew 3.1060% ps
PCIe 3 Compliance Tx1 o ) me PCB_10GKR e - Rx1
10GBASE-KR Compliance
USB 3.0 Compliance nlgorithmic Models:
MIPI Compliance Rx Models = D:\CDN_Live_2014\5LA 10GK
Build AMI model Primary Tx Tx1 Modsls = D:\CDN_Live 2014\SLA 10GKR\S
Customize Workflow ¥ Jitter Inputs:
Duty Cycle Distortion = 0
Kl | — vy [ i
= S
wmee g T NE i i[Eye cantour [+] ¢ Mask<none> [=]& [30 Eye Density S EE G LD a8l
Curves Eye Density
result\1\typ u s
WValtage [v) result\1\typ\Eyedensity_Tx1(FTVDD PGND]. tt

BER=1e-16

@ Ready

15min
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Serial Link Analyze

Yoltage (V)
152 O e s s s o
02
01 s
o £
H
B IR B S e e e T O O S S A 5 3
: %
-0.2 4 s g
3
034- & - 3
0 02 0.4 05 03 1 FerTeesnz

Bit Period (UI)

1. Eye Contour

P e i S 2. Bathtub Curve

T A A I 3. Noise Bathtub
0.4 0.2 é 0.2 0.4
Bit Period (L)

result\1\typ\bathtub, cur
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Serial Link Analyze

Sweep Manager Equalizer Optimization

St Rt | * —e
ks (i | o

g

C A TR T

PEEREERERCEIGERERRIRERSEELE]

“aoltage M)

T T

| |
024--------- r--------—f% Sefting----------- == m——— =1

:

|

L

01 f---=---m-

| |
Sy [ S BRSNS ST eSS SRy’ &y 3
| | | |
| | | |
| | | |
02— R = e  ERREEEEE
| | | |
| | | |
T T t t
| | | |
0 0.2 0.4 0.6 0.8 1

Bit Periad (UI}

history 15436 \evectr. cur
history 15460 \evectr. cur
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Serial Link Analyze

Voltage (V)

1 1 1 1 1 1 1 ] 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
| 1 1 | | | | | | | | =
YT r-———-- T-=7=77 T AT =" T T T T [ r=—=—-- T-—777 T B [ od
1 1 1 1 1 1 1 I 1 1 1
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
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1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
O I B | { Y S [N PR | N I — [
I I T I i | I T T o
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
1 1 1 1 1 1 1 I 1
o
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[ - . S I IS S I o | IR IS . J-" S PR | (N | o
T T T i | 1 T T o
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1 1 1 1 1 1 I 1
B 1 1 1 1 1 1 | 1
a 1 1 1 1 1 1 I |
-m 1 1 1 1 1 1 I 1
| | | | | | I |
\\&\.W.\\\T \\\\\ to—— t-———— A-—— B i o= (Sl —— B & B o R IR b
B 1 1 1 1 1 1 I 1
i I I I I I | | 1
(1] 1 1 1 1 1 1 | 1
= 1 1 1 1 1 1 | 1
o 1 1 1 1 1 1 I 1
1 1 1 1 1 1 I 1
a 1 1 1 1 1 | 1
W E 1 1 1 1 1 1 I 1
L= L ____ Lo ___ 1o [ Lo L ]
I I I I I I 1 o
I I I I I I I
I I I I I I
] I I I I I
L I I I
I I 1
1 1
1
| | oy
Fo-r———=b e —— e it i pl et et e e Tl Bl r
1 1 1 t o
1 1 1
1 1 1 |
1 1 1 1 1
1 1 1 1 1 1
1 | 1 1 1
T T 1 1 1
1 1 1 1 1
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1 | | 1 | | | o
1 1 1 1 1 | 1 1 1
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1 ] ] | = 1 | 1 | | |
| === T——==-= Ry = T b e ik (i T———== T=—=== i Bl | -
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1 1 1 1w 1 1 1 I 1 1 1
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1 1 1 P= 1 1 1 I 1 1 1
I S [ I Lo ___ 1-3 o I Lo [ Lo __ 1o [ I | =
1 1 | 1 TETT | 1 I | | 1 vv —
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1 1 1 o= 1 1 1 I 1 1 1
1 1 1 [T 1 1 1 I 1 1 1
1 1 1 I 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I 1 1 1
| 1 1 | .__mr | | | | | | | =)
i r——-== T----- T~ [ it === | i Too——— T-———- i it | Rt r—
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Useful Links:

s Cadence website: http://www. cadence com

« PCl Express® Base Specification: http://www.pcisig.com/specifications/peiexpress/based,

[

“client Channel Configuration

4

R R EE

Summary of Results

This report shows the results of the 8.0 GT/s channel compliance testing specified by PCI-5IG using Cadence System3l,

The channel simulated violates one or more PCI Express Gen 3 compliance requirements
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Conclusions

= The demand to reduce cost while increasing performance is creating significant
design challenges

= Modeling multi-gigabit data channels requires accurate 3D extraction techniques

= Utilizing cut and stitch along with parallel computing in an integrated design and
analysis environment allows designers to tune multi-gigabit channels

= Connecting IBIS-AMI models to cascaded s-parameter models using high capacity
simulation techniques can verify your interface is compliant with Serial Link

standards

= Allegro Sigrity SI Base + System Serial Link SI Option accelerates your time to final
product creation
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