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In this session attendees will discover several places where simulation
accuracy can be improved by incorporating S-Parameter models of 3D
structures such a Connectors and Ball Grid Array (BGA) pin fields.
Attendees will also see how 3D modeling and S-Parameter generation and
simulation is greatly simplified by the combination of Allegro Sl and CST

Microwave Studio.
The session will include comparisons of real DDR2 and SERDES cases

with and without 3D models. Attendees will learn that improved accuracy
will affect some of the engineering tradeoffs made during the design and

layout process.
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2D -2 D-3D

Much of engineering is about tradeoffs

Sl simulation tradeoff is speed for fidelity

— Large size = slow speed g 4‘ §

— Large detail = slow speed

Hard to setup = VERY slow speed a

— Is a one week setup worth it?

5 Optimized simulators add tremendous value
— Allegro Sl
— CST Microwave Studio
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Serpentine Example DDR2 DQS

: 10 453
104,418 ohm B. (04,414 I 116,832 ghm 104,418 ehm

Brl | LZTY_DO_FULL —= — . 2TY_DO_FULL

A UZTY D0 FULL s W2TY_DO_FULL

200 00 MIL 10000 MIL 0 00 M loe of MIL 100 00 ML 2000 00 MIL
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Verify Allegro Sl in Combination with CST

* Verify with a simple example

* Build an understanding of how to blend two
environments

« Verification allows for extrapolation to unknown
cases
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Simulation Setup:
Decompose into 3 Lengths

ORIVE INFUT
CUSTOM TRISTATE
MI4TH128HCE + MT4TH] 2814 C

M5 1 Mae M55

104,418 ghm 104,418 ohm 104,418 ohm

p— p— p— a7y | UZTY_DO_FULL

g UZMLDOFUL =11 =1 o =1lo "

#p g 2TV DO FLLL pig U2TY_DO_FULL
e = H=>=H et

TRACED TRACER TRACER
— e —— ——
300 00 MIL =00 00 MIL 2000 90 ML

Sedona International




Length Mismatch

DRIVE INPUT
CUSTOM TRISTATE
MT 4 7H1Z8MaCB MTATH] 2EM4CE

M51 M55

104,418 ghm 104 416 ohm

Bi | U2T4 DA FULL prg | UZTY_DO_FULL
. - & . =

M55

A7 294 ahm
ae W21 DO FULL

g 2T IO FUL o - %l—l "

500 06 MIL 2000 Q0 MIL

500 mil trace removed from Diff pair
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Mismatch Results

4 L T T 1 ‘ T T 1 | T T 1

— 1 -
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= 0
=
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__1||||||||‘|||||||||||||||||‘|||||||
0 1 2 3

Time [ns]

DESIGN INPUT B7_DESIGN INPUT AE_diff, 500mil uncoupled
DESIGN INPUT B7_DESIGN INPUT AE_diff, 500 mil mismatch

Very small impact on wave shape
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500mil Time Delay

FTTTId FTTTTTTTOTT I, III|IIII‘IIIII—I—|—I—

Vollage [V]
[ ]

&7
IIII|IIII‘IIII|III

T

AN NN RN L NENE REEEE REREE S
1.2 1.3 1.4 1.5 1.6 1.7

Time [ns]

DESIGN INPUT BY_DESIGN INPUT A8_diff. 500mil uncoupled
DESIGN INPUT B7_DESIGN INPUT A8_diff, 500 mil mismatch

Allegro SI Diff Normalizes the data 36.5 x 2 = 73ps or 500mils
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Simulation Topologies

Reference topology

M51 M54 M53
L4 104,418 abm 104,418 ohm 104,413 phm

Fr4_0o

o]

200000 MIL

[M

M51 M5 3 TRISTATE

104,418 atm P8 104,412 ohm
SEDONAA serdes_. ..
AE

el
*——8

Bl

e |
L= SEDONA_serdes ..

serpenlineg]
a00 00 MIL 200000 MIL

S-Parameter models are touchstone files
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Time vs Voltage

™
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=
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Titne [usz]

DESIGH INPUT BY_DESIGH INPUT A2 diff Feference
DESIGH INPUT BY_DESIGH INPUT A8_diff C5T parallel trace
DESIGH INPUT BY DESIGH INPUT A8 diff CET Serpentine
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Vaoltage [V]

DDR2 DQS

Allegro Sl only Allegro Sl and CST

Time [ns] Time [ns]

DESIGN INPUT B7_DESIGN INPUT AS_diff CST parailel trace
DESIGN INPUT B7_DESIGN INPUT Af_diff C3T Serpentine

e DESIGN INPUT B7_DESIGN INPUT AS8_diff, 500mil uncoupled
e DESIGN INPUT B7_DESIGN INPUT A8_diff, 500 mil mismatch

Almost no difference at DDR2 speeds
What about Gigabit speeds?
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Gigabit Example; PCB in 3D, End Match

3D extraction in CST
Microwave Studio
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Random 256 Bit Eye

1
IIII|IIII‘IIII|IIII‘IIII|IIII‘IIIIlIIII‘IIII|IIII‘IIIIlIIII‘IIlllllll‘lllllllll‘Illllllll‘llllllIII‘Illllllll‘lIIllllll‘lllllllll‘IIII|IIII‘IIII|IIII‘

Vollage [V
=

‘IIII|IIII‘IIII|IIII‘IIIIlIIII‘IIII|IIII‘IIIIlIIII‘Illllllll‘llllllllI‘Illllllll‘llllllIII‘IIIIlIIII‘IIIIlllll‘lllllllll‘Illllllll‘llllhlll‘
0.9 1 11 12 13 14 135 16

1 i
0 01 02 03 04 05 06 07 08

Time [ns]

DESIGN IN A12 DESIGN IN B12_diff Reference
DESIGN IN A12 DESIGN IN B12_diff Serpentine
DESIGN IN A12 DESIGN IN B12_diff end match
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Random 256 Bit Eye Zoom Overlay

Vollage [V]

Time [ns]

DESIGN IN A12 DESIGN IN B12_diff Parallel

DESIGN IN A12 DESIGN IN B12_diff Reference
DESIGN IN A12 DESIGN IN B12_diff Serpentine
DESIGN IN Al2 DESIGN IN E12_diff end match
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Random 256 Bit Eye Zoom

|IIII|III L

Note Jitter
at Crossing

Vollage [V

0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.4

Time [nsz]

DESIGN IN A12 DESIGN IN B12_diff Parallel

DESIGN IN A12 DESIGN IN B12_diff Reference
DESIGN IN Al12 DESIGIN IN B12_diff Serpentine
DESIGN IN Al12 DESIGN IN B12_diff end match
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Jitter Close-up: Data Dependency?

0.367 0.368 0350 0.37 0.371 0.372 0.373 0.374 0373 0.376

Time [nz]

DESIGN IN A12_DESIGN IN B12_diff Parallel

DESIGN IN A12_DESIGN IN B12_diff Reference
DESIGN IN A12_DESIGN IN B12_diff Serpentine
DESIGN IN A12_DESIGN IN B12_diff end match

Conclusion:
DDR2 speeds minimal effect
Gigabit speeds noticeable differences in signal performance
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Extracting Data from Allegro

. Sl Engineer: 536986_1w_stack.brd Project: H:.../CST_Extraction/board_1 E=CEx
Ble Edit Wiew [Msplay Setup Logic Plaoe Eoute Apalh@e Took ST Ling  Hep
i) el =h]en s alalalalale wi|w =] |a =311 e I8 TS
e bR L AR 18] oe| e 5 ] £ P
- - - b - I_ll:plnm'ﬁ.l Fincd .\'II|'l‘-.l're:|:\l|_-,-'I
A aeigr Dbt Fired il I
[anon] [aior]
[ Broups [ Shapes
] Comps [¥axs
Spnhok [ Cire Se
] Funchars Dl Sage
Halz [ Figrams
=] Fins [ DFC enmz
L I'Wiag [ Teni
1Cires 1 Fiatenese
Lies [ 1RatTs
ind By Mame
Piopely = || Hane
| [ Mo

o ebement fond | ~ [ [ A——

el pack: STSO000 6435000 ST ]
o e bsres it [ LE I L | 9250000 E250.000

Lasl peck: 725,000 GH25000

Cormand & -

A single Diff pair is of interest on the board
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Export Options

act: H:.../CST_Extraction/board_1

SARILUE Help

E:L| ':L| 15‘ Export Full Design...
= Export Area..

Export qelected Mets..
Export Custom Selected Clh_]ECtS

Layout Cross-Section...
Fackage Setup...
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Export Net

 No copper planes extracted
* No dielectric planes extracted
* Full detail on VIAs

Sedona International Page 20




Export Area

Partial nets extracted Extra pins to remove
o e P

Extra pads to remove

Signal and GND highlighted for clarity
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Export Custom Select

# CST Link Export Custom Selected DE] |;|; [z|

C5T Project

Mod output file:

| [ Browvsze. .. ]

Crozs-sechion SEtup...] LSelectDbiects ko E:-:pu:urt..._] [ Cloze ] [ Ahout ]

\

¥ ST Layout Cross Section

| lwames | EchSubdiaMae | Thoees | Elelin | B Cond S| Delectic Contint | Egat
» | Concin =[roF EEE I T 1o W A
= {Dskohio - EIOTT] SRE00000 1110000 w50 B
= |Fam T LE GnOd 1) OO0 FHES00 00 0000 00| B
= [Digdecni: - SEm0| 744400000 000 | m
= | Cardandon b [ERETA] AN 00000)  SEES00 00 000 LE00) H
> |Disechic = A0 S1300000 1110080 50| H
= (Flam = [L4_GMD2 zemiooo|  730400000[  SMTS0000 0000) Lol W
E = |Did=phin & =T C] T 110000 Lo H
_ || COFFER > |Conduciy L5 SGE 1m0 H3S00000) SEES0 00 0000 w500 H
= |FR4 * [Diglachic - 100m0000|  FrE 400000 00000 vl m
2 | COevER = {Pieee > LE GMDO 1 00)  ARR00n)  S0RS i 0000 iem| H
_w |FR4 - | Disechic = A0 T )| 195100000 110000 500 H
+ [|COFFER » |Conducioe =Lr =iE3 1300000|  135:500000] %5500 00 0000 ool Bm
o [ = [Dinkecnn - toamma] 1es soooon L0000 L5 B
_=r || COFFER = |Pisna = JLE GHOA 13m0) 165400000) 55550000 0000 500 B O+
Tachrology Fie Liridz
CET keohrokog lie |r.-.».-unmmr_u.kmmes_m_umr.mm | Bl bk, Daapn wis; il -
[ Sawe | [ Lod | [ Wem | | Load Flestore beaid selup ] Lymithechnessunde:. M -
[ R W

Sedona International Page 22




Selected Objects

MNet
Met By Name

Shape
Cline
Yia
Fin

Cancel
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ETCH_L11_SIGS
Lossy metal
1

5.959e+807 [5/m]
89276 [kg/m™3]

Sedona International

Diff Pair selected by Net
Planes selected by Net Name
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Zoom on Diff Pair

Material = ETCH_L11_SIGS
Tyvpe = Lossy metal

Mue =1

El. cond. = 5.959e+887 [5/ml
Rho = 8978 [kg/m™31
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Overall size too EJTg

Solution: Add new shapes that overlap with
unwanted areas. New shapes are vacuum
and merged with ‘Insert’
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Final Shape
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Bounding Box
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| System Level Simulation Example

TRISTA : n 1NBOU
CO5De Fau M <udput
1

LD5DeFaul10uiput CO5DeFauliTnput

4Par 4Porid
100000 WIL 100000 MIL
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Consider other 3D Connections

‘ ' . 'DD fI,;
013 “)

T

" llhiﬂh'in “ 111
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Impedance Matching
Coax Landing to Etch Transition
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TDR Plot from Slot Under Trace

Initial test with 5mil slot

N

TTTTTTT

Final optimized slot length and width
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BGA Adapter

HiLo™ Cross Section - BGA Socketing Application

BTV A T LS TR AA SPTRD Ve L SANE
o G TR E T N RS TA DTN W AL I TR R A T LI

BGA Substrate

Solder ball forms ——
joint around pin tip

Pin inserted into
dual beam contact.

(Gold to Gold
contact)

Mickel plating in
inside of barrel
prevents solder

- from wicking up
contact

_ J-Lead soldered
to motherboard

Motherboard (J cut off in

s . - —

- -

” ’ - -
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Low Cost Variable Pitch Custom Connectors

i

Center pitch is Imm
Inner ring is 1.5mm x 1mm pitch
Outer ring is 0.8mm pitch

Conclusion:
AS custom connectorization decreases in cost and

system complexity increases the need for 3D analysis
will also increase.
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Future Work:

e Study Contribution of Pin Field vs Length Mismatch
* Build Test Structure
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Tools Used

« CST Microwave Studio

— 3D solver for S-Parameters

— Good Allegro interface
« Cadence Allegro Sl

— Flexible layout tool

— Good constraint management
« Cadence SigXp

— Topology viewer

— Simulation

— Results viewer - SigWave
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References

« Cadence Design Systems
« CST

* ISl - Interconnect Systems Incorporated
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About Sedona International, Inc.

« Specialized Engineering services for complex electronics

— Electrical, Mechanical and Embedded Software

« Core Strengths
— Integrated PCB layout and Sl Analysis:
e Chip — Board — System
— Subject Matter Experts: right people to the job
* Large company processes, small company feel
— Wiki, RT, Automated systems
« Serving North America

— Locations in Boston / Ottawa / Texas
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Thank you
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Questions

Joe Socha
Technical Lead
Sedona International
jsocha@sedonaii.com
www.sedonail.com
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