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1) Introduction
ADS: The Swiss army knife of EDA

—_—
< "Signal Integrity” (S1) covers a wide range of topics!

< There are a lot of different tools out that cover parts of
the topics included in Sl. Using different tools means:

. Learn new handling for each tool!

A lot of Import/Export tasks are required!
X< EKH uses ADS as single solution for all signal integrity

related investigations. TR Y

. Memory interfaces (e. g. DDR2 / DDR3 ...) ol

\_ High speed interfaces (e. g. PCle, 10Gb Ethernet...) ™

> This presentation gives an overview how we use ADS
combined with some of our Tips and Tricks!
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2) Schematic Simulation
The Multilayer Transmission line Library

_—
2 Schematic based simulation can often replace layout
based simulations

< EKH does many simulations based on the Multilayer
transmission line library.

. Even “Post-Layout” simulations are done by rebuilding the
topology with this models

. Good engineering judgment is required to implement an
accurate representation of the layout
= Selecting “representative / mean” values for Spacing / Length

= Does the Transmission line model cover the behavior of the real
Layout (e. g. slots in reference planes)?
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2) Schematic Simulation H

The Multilayer Transmission line Library

EXK

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT
Palette

Substrates

CLK and CA simulation of a DDR2 memory interface e R

Simulation target: DataSet
_CA Routing

MASDH  MAEDH  MADE
MeE Mumest sl
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Numes NometD Mamet] | mumens | mameis
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215
a3 mm
L I Path to Design
B e n d S _ G BQ ¢ 6 Q g') Q F:\DateniEKH\ADS\ADS_Ussr_Group_Mssting\netwarks!_CA_Routing
EELNEE" Ruckerbauer Designer ol Yom eat ull uA ual mR ms Design Name | Current Date and time | Design was last s aved
- EyeKnowHow T TN R T B ST T Aug 30, 2010 Aug 30, 2010
Hermann.Ruckerbauer@E yeKnowHowde i i
+40 (0)9933 802033 e e 0610 PM 06:10 PM
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2) Schematic Simulation EXKXH
Stackup definition

e
< Stackup definition Is not that simple, so we generated
some templates to simplify the process.

: Variables arranged
6 Layer is based on Supply layers to show phys. order
MLSUBSTRATES to

EYE KNOW HOW

ND MEASUREMENT

without sign
include Solderstop

Stackup 6 layer incl. cogformal coats

Lvawes [ H Values [fE] e Velues Distance to Ref. plane

e pciun fpmo o™ aoeas d and metal
JJJJJJJJ A, =1, TAN ] T R H2="100 um ar2=4. 1 use an me a

MLSUBSTRATES =21 Ly H3=125 um+td oro=4.2 .

Subst_6L MosS0um  He=g00um ——— erd=42 thickness added

P o = H5=H3 erS=er3
HJ=H1  TIB=t6 GND 1613 - -
M= Erf7)=er? cem ST

H7=H1 erf=eri

H[7}=H7 t8=-t1
T7=t7

T8}=t8 con_tand_\alues
LayerType] 1]=hlank cond=5958000e+07
LayerType{2]=signal cond_MS=3.430000e+07
LayerType[3]=ground tand=0.035
LayerType[4]=signal

LayerType|S]=signal

LayerType{B]=ground

LaverType[ Tl=signal

LayerType|{8]=blank

Stackup Symmetry:
-t upper part is positive
-t lower part is negative
and uses Variables

“blank” Layers (t=0)
for Solderstop

< 0Once the Stackup is defined all variables will be
hidden

EKH - EyeKnowHoﬂSept. 28th 1& 7
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2) Schematic Simulation
Stackup definition

—
< Physical view of the Stackup
. Physical view is drawn in ADS on additional layers

Stackup 6 layer incl. conformal coats

t Walues
=t H_Values  [%] er_Values
H=Hum = (] H1=t2 + 1 urn! er1=3.8

L1 blank t1 =+ Oum

L2 Signal 12 =+ 43um

tg—=;33 i H2=100 um er2=4.1
~ GND t3=30 um H3=125 um+t4 —— er3=4.2
L3 Growund t3 = 30um | .H_:,._an um H4=600 um erd=4,2
Er[1]=er1 H[E]=HSE t5=14 HE=H3 er5=er3
H{1J=H1  TEJ=t6 GND t6=t3 HE=H2 erb=er?
L4 Signal t4 =+ 30um T[1l=t1 Er[?]=ar? t7=-12 H7=H1 erT=erl
Ef2l=er2 H[7]=H7 tg=-t1
H[2l=H2  T7I=t7
TM2l=t2  TE=ts [FZ] con_tand_Values
LS Signal 15 =- 20u Eff3l=er3 LayerType[1l=blank cond=5,959000e+07
gna m H[3]=H3  LayerType[2]=signal cond_MS=3.430000e+07
T3=t3  LayerType[3]=ground tand=0.035
Erfd4]=erd LayerType[4]=signal
L& Ground 16 = 30um H[4}=H4 LayerType[5]=signal

T4l=t4  LayerType[B]=ground
ErfSl=erS LayerType[Tl=signal
H[5]=H5 LayerType[&]=blank
TIS)=t5

L8 blank t8 =- Oum Er&l=ers

L7 Signal t7 == 43um

Blue separation lines show how the different blocks of the definition belong together

Negative Thickness means metal grows down, positive metal thickness means it grows up!
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2) Schematic Simulation EXKXH

Issue: Complex schematics

< Due to a simple Graphical User Interface even beginners
can get very simple and fast simulation results

. As for all graphical programming tools this implies the risk of an
uncontrolled code growth

. Example how NOT to do it:

EYE KNOW HOW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

. Difficult to ...
= ... understand
= ... document
= ... debug
= ... transfer

EKH - EyeKnowHow\_Sept. 28th 10\_ 9



2) Schematic Simulation EXKXH

Solution: Discipline!

EYE KNOW HOW

X Use all ADS features to keep your design small and
clean:

. Use Boundaries (e. g. Drawing formats) to limit the size of your
circuit

. Use subcircuits
. Draw meaningful symbols

. Hide unnecessary information (e. g. component name)

X This stuff will cost some time, but the result is worth the
effort

EKH - EyeKnowHoW\Sept. 28th 10\ 10
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2) Schematic Simulation
Discipline: User Borders

_—

X The Palette “Drawing Formats™ provides templates for

drawing sheets.
< Adjust them if you don't like the appearance, but use

boundaries for your circuit!
< How to make the “Drawing et

Format” selectable: g =
/

I

File Edn Select View Insen Options Tools Layout Simulate Window Dynamiclink EKHMenve DesignGuide Help
OeRs Lk kME 9e.S +8aids F&d BEIR
Draning Formals -

o EhENE e pHE

S T
TG
S Er eds CoRTRAGT .
Lot
s
Pain s
w [EEr)
Seecied et Ut
s [smeen pones =
cobor [N~ ‘ ‘

2500, 3875
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2) Schematlc Simulation

Dis

@tlons l\‘/EI‘I
be displayed like every other Vari

ISCHIH es-ip-the

]

a

Environment
Z2ZZ_my_sys_dir=getsysenv("HPEESOF_DIR")

ZZZ_my_SimulatorVersion=get_simulator_version()

SO m ZZZ_my_home_dir=getsysenv("HOME")
ZZZ_my_data_dir=getcwd ()

w I’Itt ZZZ_Designer_name="Hemann Ruckerbauer"
ZZZ_Designer_Company="EKH - EyeKnowHow"
ZZZ_Designer_email="hermann.ruckerbauer@EyeKnowHow.de"

- Dat ZZZ_Designer_phone="+49 (0)9938 902083"

- SI I Design
ZZZ_my_design_path=design_name()

= DeS Z727_my_design_name=design_name(FALSE)

DateTime
ZZZ_my_sim_datetime=date_time()
ZZZ_my_sim_time_length=get_sim_time()
ZZZ_my_formated_sim_datetime=format_date_time("%a %b %d, %Y %H:%M:%S")

Drawing Sheet

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Hermann Ruckerbauer Designer
EKH - EyeKnowHow
Hermann.Ruckerbauer@EyeKnowHow.de

+49 (0)9938 902083

Simulation target: DataDisplay

- untitled2

Simulation tafget: DataSet
,untntledZ

SIM_DDS
@SIM_DSS

SA

File Edit Select View Insert Gptio]{ Tooy Layout S\mu\ate Window Dynamiclink  EKH Menue

{

bl
a

¥ Simulation Setup:1

L Ay

5 || @ _Simulate

Simulation mode

_CAS_Extracted £Ghz |ncAggrEssUr

Data Display

Eye_evaluation

Browse..

B Open Data Display when simulation
completes

Setup Remote I DlstrMubed ‘ W
y uning...
£ Optimize..
Dataset Update Optimization Values

& Highlight Node...
|

LR IR

Snapshot

Generate Metlist

Apply

Il

| [ simuiate ] |[ cancel

! -
Simulation Setup...
Simulation Variables Setup...

Stop and Release Simulator...

4, Smart Simulation Wizard...

Annotate DC Solution

Detailed Device Operating Point
Brief Device Operating Point
Clear DC Annotation

] 4 Generate Budget Path...

F7

2

IR IR e I R ]

Variable: @dname

@cdate
@ctime

@pname

Pa Design
untitied2
Wgn Name Curréqt Date and time | Design was last saved
untitled2 Aug 30, 2010 @ddate
05:23 PM @dtime

Design was not save so far,
therefore some variables are

empty!
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2) Schematic Simulation
Discipline: User Subcircuits

Simul

2Rank
m

Tran 3
Final_Sim

StopTime=|
MaxTimeSts

DIMM

model

TL_DMMSLERT
‘Subst="Subs{_ DDRS DA e
Lo

Simulation target: DataDisplay
DDR4_DIMM_2R

Simulation target: DataSet
DDR4_DIMM_2R

EXKXH
EYE KNOW HOwW

HIGH SPEED SIMULATION AND MEASUREMENT

v

B

33333333

3,

oMM

vist

Vis2

BLIICIECILAL

n
‘SbstwSubst DDRS_DIMM
Length=L_Ldin O
WITEW_SL_OMM
SL_OMM

X0 pI0 WYHO

FRIT_DRAM_RO

01 peoT WO

TL_DMMSIER2

Hermann Ruckerbauer
EKH - EyeKnowHow

Subst

+49 (0)9938 902083

Designer

Hermann Ruckerbauer@EyeKnowHow.de

RAM_Prg RS

DLR1

RIT_DRANSRTT_DRAM_R1

Simulation target: DataDisplay
Optimization_EKH

Simulation target: DataSet
_Example_for_ADS_UG_Presentation

ASCII Export Equations

SimDesoripton="A LS _User_Group_Exam pie”
Sim_Nam e="LeadiLengn”
Sweep0_vake=1d_h_20°

CutDir =LocPam

CuiPam=sircal{CuiDirl, SimDescipiion,
ExtConfigFlle~"C-iLis erData EKHI20 1 0iCon figt
ExiEre cutahle="C P grAm S| EX_Ewaliation axe”

g e e |

Netlistinclude1
IncludePath=F:/Daten/EKH/ADSIADS_User_Group_Mesting/netwarks
IncludeFiles[}=MeasEqn_inc.nst

UssPreprocessor=nc

Path to Design

F:\Daten\EKHADSIADS_User_Group_Meeting\networks\DDR4_DIMM_2R

+49 (0)9935 902083

Hem ann.Rucke mauer@EyeKnowHow.de

All_Lsminate
T !
— Bnd=0.002 M |
Subst_Mobo _MS=4.2 Subst_DIMM
] Leminste_Mobo Laminate_DIMM
H_SM_Macbo=55 um H_SM_DIMM=55 um
H_MS_Mcbo=75 um H_MS_DIMM=75 um a o
T_MS_Mobo=45 um T_MS_DIMM=45 um —t |
H_SL_Mobe=100 um H_SL._DIMM=BD um =
T_SL_Mobo=30um T_SL_DIMM=30 um I
H_cars_Mobo=500 um H_cors_DIMM=750 um
< 3
MS_Mobo_Valuss MS_DIMM_Values PRES_Victim
W_MS_MchBrk=125 um W_MS_DIMM=100 um Regis terLangth=8
5 MS_MchBrk=125um S_MS_DIMM=300 um View=00V |
W_MS_Ldin=150 um Whigh=12V F\ i
S MS_Ldin=400 um L DIMM Valuss BitRate=titrats
W_SL_DIMM=W_LdIn_DIMM * Casg W_SL_DIMM RigTime=tr o
[ &L_toto_vslues S EL_DIMM=Mobo_Pitch_Ldin- W_Ldin_Mobo 1
W_SL_MchBrk=W _Brk_Mobo * Case_W_SL_Mobo
S SL_MchBri =125 um
W_SL_Ldin=W_lLdin_Mebo " Cass W_SL_Mobo
S SL. Ldin=400 um
Hemann Ruckerbauer Designer EYE KNGwW How
EKH - EyeKnowHow aran auen oo oo

Design Name
DDR4_DIMM_2R

e

s
002 o

s <1
001 o

Nomr

O

Aug

ConmolerLond 107

Cx

03:48 PM

30,2010

EKH_Loge, varisbles

Hermann Ruckerbauer
EKH - EyeKnow|

Designer

How
Hermann Ruckerbauer@EyeKnowHow.de

+49 (0)9938 902083

Tmatation Ergg Balaulsaay

2DpC_inner_v04_T
Simulation target: DataSet
2DpC_inner_v04_T

e

Path to Design
F:\Daten\EKHADS\ADS_User_Group_Meeting\networks\2DpC_inner_v04_T

Design Name | Current Date and time | Design was last saved
q Aug 30,2010 Aug 30, 2010
2DpC innerved T 03:44 PM 03:44 PM
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2) Schematic Simulation
Discipline: Use meaningful Symbols

Simulation target: Datal D play

e Symbol for via with stub
— L1
—3
2—=n
L10 Al a

Subcircuit Symbol

PlhloDes
e Wae | CurrentDate v ime | =T veme| [ea = = = 2 = =] [+ 2 » = = = 2=] | [ =222 [= ==+
DRAM 1 Top DRAM 2 Top DRAM 3 Top DRAM 4 Top
Subcircuit Schematic \—l—< 1
. nDR:\MﬂH?ottﬂumﬂ . DRAMZBonom . DRAM SBottom . .DRAM 4 @onom
HERERRRII RN NN ENRRRINIRRERE

EKH - EyeKnowHoﬂSept. 28th 1& 14
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2) Schematic Simulation
Discipline: Use meaningful Symbols

_nd, don’t touch the original ADS layers
as standard layer file by saving it e. g.

=maticlay:1

s S e y=ransparent~e Line SO |© Reyerds O

ymbodyFiled I - - 0 .
-~ mm-pVdeE\hpeesofide\defaults\schematic.lay
Poptical B - B - 7] V] |Filed 0 Solid
Jraw_Brown - -~ Both 0 Solid -
oran_Grey -0 Both 0 Solid
ra Gka- - ¥ ¥ |Both 0 Solid
raw_Red - - Both 0 Solid
raw_Red_Dark - - Both 0 Solid
raw_Elue ~ O Both ~ |0 Solid
ran_Blue_Dark - | RN Both 0 Solid
ram_Pink - - Both 0 Solid
raw_Green - B - Both 0 Solid
raw_Green_Dark [N ~ I ~ ] Both 0 Solid
raw_Yellow ~ O Both 0 Solid
ogo_Black_Tr nsp-v -0 0 Filled - |35 Solid

go_Red_Transpa [N ~ I ~ ] [°] Filed a5 Salid

go_Black - -0 0O Both 0 Solid

go_Red - - [ ¥ |Beth 0 Solid
----- toutine [N ~ D ~ (] [ Outline - |0 Solid
----- t_Text - -0 0O Both - |0 Solid

Visible Shape Display Trans. % Line Style s

lone ] [ All ] [ Mone ] [ v] [ v] [ Mew ] [ Cut ] [ Paste

Sages.

[ Apply ] [ Reset ] [ Save... ] [ Read... ] [ Cancel ] [ Help ]

-
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2) Schematic Simulation EXKXH

Discipline: Arrangement of Circuit

—
X Use only symbols with the same pitch

EYE KNOW HOW

N MEASUREMENT

L] L]
< GenerptaDiteh adinctmant Components
" "o g 5 - [
Short" circuit for Pitch Adjustment
Full Pitch to Half Pitch
' ' "F C _ . ziméz C Simulation tag%e;;ig:nph;s_p;;y
Simulation target: DataSet
2 k E DDR4_DIMM_2R
-
Nomr <O
s o
“«:‘;{g _2 Num=8 - - -
coton—
N <
Noma13 <O Num=10- - -
e @ gy
i @Dy
e By
Num=16- - -
Num=18
Num=20- - -
Path to Design
2n\EKHADSIADS_User_Group_Meeting\networks\DDR4_DIMM_2R
_ A PESTINAMhe | Current Date and time | Design was last saved
ljfén(\g)rgé?gléla%)gler@EyeKnowHow de DDR4_DIMM_2R Augo%?igcl);l\?[ Augoi’é(:)% g%‘]’a

EKH - EyeKnowHoﬂSept. 28th 1& 16
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2) Schematic Simulation
Discipline: Arrangement of Circuit

Advantage: Simplifies the work for ADS automatic re-
wiring when shifting components!

Simulation target: DataDisplay
DDR4_DIMM_2R

Simulation target: DataDisplay
DDR4_DMM_2R |

Simulation target: Dataset |
DDR4_OMM_2R |

DDR4_DIMM_2R

2Rank DIMM model 2Rank DIMM model

i

= =

an Path 1o Design
, FDten EKHADSIADS,User_Group MeetinginetuorksiDORA_DWM_2R F-OaIenEKHADSDS_User Goup,eetrgnei oS ODRS DIUM_ZR
I kaeten Designer Design Name | Current Date and time | Design was last saved Hemnane Rockesauct Designer i Design Name | Current Date and time | Design was lastsaved |
Her Ruckerbauer@EyeKnowHow de Aug 30,2010 Aug 30, 2010 Hermanh Ruckeraver@EyeKnowHow; Sep 15,2010 Aug 30. 2010
RBTESy seabes e DOR4_DIMM_2R 03:48 PM 03:15 PM e owmsso0mes o < DDREDRALAR 1148AM 04:56 PM

Simulation target: DataDisplay
DDRA_DIMM_2R_noPR
Simulation target DataSet
DDRA4_DIMM_2R_noPR

Simulation target: DataDisplay.
DDR$_CIMM_2R_noPR

Simulation target: DataSet
DDRA_CIMM_2R_noPR

2Rank DIMM model

Path to Deslon Path to Design
[ FomneiADs . Mestogneteots 0084 o025 bR | #Dsten EXGADSRDS, User Graup MeengostearisODRS_ DIVA_2R_noPR
Hermann Ruckerbaver Designer Design Name | Current Date and time | Design was last saved et
Hermann Ruckerbaver@EyeknowHow 0e DDR4_DIMM_2R_noPR Sep 15,2010 Sep 15, 2010 ST 5 Sep 15,2010 Sep 15,2010
+49 09036 = e 11:39AM 11:37 AM - : DOR4_OIMM_2R_noPR 1145 AM 1137 AM
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X Advantage: Connecting components faster

L I ™ N Comn_Siat1 N Conn_sh
Lk L o L+— =
L I L] z T—
S i s = s B 5
1
S T T SIEd
o e T S
F‘Fi_f_- F'R:_ F'Ry_ F‘F:_E
S = - - -
- M i * M 1 H 1 H
- - T T S
iy s HE L HH: TH
S + it -+ -
gy = 1 HE L M I
L - L L A
T T T T

— EKH - EyeKnowHoﬂSept. 28th 1& 18



2) Schematic Simulation
Discipline: Give only important informatio

< Hide not required information

. Right mouse = Hide component name

X Give meaningful instance names

EXK

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

e

El

MLSUBSTRATES
Subst1

Qstrate Definitions

Mam

e T

==
T

VAR
VAR
H SM_Mobo=55 um H S
H_MS_Mobo=75 um ol
T_MS_Mobo=45 um
H_SL_Mobo=100 um H_SL_DI
T SL Mobo=30 um
H_core_Mobo=900 um
VAR Py
VAR3
W_MS_MchBrk=125 um
S_MS_MchBrk=125 urg
W_MS_LdIn=150 ug
S_MS_Ldin = VAR
VARG

W_SL DIMM=W_Ldin_DIMM * Case W _SLNgLMM
S_SL_DIMM=Mobo_Pitch_Ldin - W_LdIn_Mobd

W_MS_DIMM=100 um
S_MS_DIMM=300 um

_MchBrk=W_Brk_Mobo * Case_W_SL_Mobo
L_MchBrk=125 um

N_SL_Ldin=W_LdIn_Mobo * Case_W_SL_Mobo
5_SL_Ldin=400 um

Substrate Definitions

= i Coa
| wacred - cm TR

Subst_DDR4_Mobo Subst_DDR4_DIMM

Laminate_DDR4_Mobo Laminate_DDR4_DIMM &
H_SM_Mobo=55 um H_SM_DIMM=55 um
H_MS_Mobo=75 um H_MS_DIMM=75 um
T _MS_Mobo=45 um T_MS_DIMM=45 um

H_SL Mobo=100 um H_SL_DIMM=80 um s
T_SL_Mobo=30 um T_SL_DIMM=30um
H_core_Mobo=900 um H_core_DIMM=750 um

=1 MS_Mobo_WValues =l MS_DIMM4_Values
W_MS_MchBrk=125 um W_MS_DIMM=100 um All_Laminate
5_MS_MchBrk=125 um 5_MS_DIMM=300 um cond=5.959E+07
W_MS_Ldin=150 um tand=0.023
S_MS_Ldin=400 um er Ms=4.2
SL_DIMM4_Values
W_SL_DIMM=W_LdIn_DIMM * Case_W_SL_DIMM
S_SL _DIMM=Mobo_Pitch_Ldin - W _Ldin_Mobo
SL Mobo Values
W_SL_MchBrk=W_Brk_Mobo * Case_W_SL_Mobo
S_SL MchBrk=125 um
W_SL_Ldin=W_LdIn_Mobo * Case_W_SL_Mobo
S_SL_LdIn=400 um

H
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2) Schematic Simulation
Discipline: Simplify Documentation

r
£ Transient/Convolution Simulaﬁm:_ - ===

I Write all Vari

Tran Instance Name
Final_sim
Convergence | Optons | mois= | Freq | Output EE
Save by hierarchy:
Maximum Depth

Node Voltages: 1

Measurement Equations: 1

Branch Currents 999

[T Pin currents

For device types Al
Save by name:
D9 -

C_Pad_ESD_Ctrl
C_Pad_ESD_DRAM
CRTT_Ctrl
C_RTT_DRAM
Data_Collection_start
Data_Collection_stop
Data_Collection_time

[

DirectionRise
Freq

Neo_of simBits

OutDirl

OutPath i

Add / Remave...

ENCACRCRERCRCNCNCRCNCNEY -]

oc | [ mey | [ cencel | [ Hep

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Define all simulation
| Parameters as Variable

Use “Write_Var” to:

- Export variables to ASCII file

- Export data/traces to ASCII file

- Generate batch file for automatic
postprocessing with external tools

)

Basic Variable definition

5] Automaic ¢

RTT_DIMIL = 0) then RTT_SA-Case_RTT sk RTT_SNA'Cass_RTT sndif

then RTT_SNA"Case_R 1T else RTT_SA"Case_RTTendf

200 61 for fullictim patisrm
[ sicesuence. eplayed 120 it for fll Siep Puisa patiarn
bitseq_Sispsirceibissa_SiesRie, bisea PukD , bissq_SispFal, bitseq Puls1)

some [ Dot Witiond and Rooral
s, varlabls = L
= = :
E= birste=2 4e8 Ren=1
P
e
=
G
e
[E] Pesnsin ooy . [ Pt _Chanr
= E3 Ron, = Ren n R_Stub_DIMM=0.001 Ohm
=3 I = D S
Rver g iz e
e =
-

. Fitch | =
Moba_L_DIMM2DIMM=15 mm
L_Ldin_hobo=183 mm

Simulation target: DataDispl.
Optimization_|

Simulation target: Dfftaset
_Example_for_ADS_UG_Pgesffntation

ASCII Export Equations

T st e |

Netlistincluds1

InclugeFiles| f=WeasEan_incnst
UssPreprocsssor=no

C_Fad ESD_CulD

FRES Agmsar
RegisterLengi=10

Simulation Schematic

Use separate Netlist:

- Simple editing of
“Write_Var” commands
- Create Directories by
“mkdir” command

Substrate Definitions E ST
& Sitraw=biras
g =z
AlLsminste. e poo
Bl i =
o3 R A a2
St e o oo
pe = &
- B = =
DO¢ Rie Ly R : o~
= ety T A DB
| = = -
= = =3 i
T =
ST =
o
L DLt D - Case _SL_OW RisTime-s ) S .
L_DIMM=MobBo_Pich_Ldin- W _Ldln_Mase T |5 20
i T . .
s & 1 no Supply noise, no Vref noise included

L_Ldin_DIMM
X.00m B00.0F | 2w T
néaauer@EyeKn owHow de

Path to Design

F:\Daten\EKH\ADS\ADS_User_Group_Meeting\networks\_Example_for ADS_UG_Presentation

EKH_Logo_wariables

Design Name

_Example_for_ADS_UG_Presentation

Current Date and time
Sep 03, 2010
11:19AM

Design was last saved
Sep 03, 2010
1118 AM

I Display Variables in .dds for documentation I
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EXKXH

EYE KNOW HOW
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Agenda

1) Introduction

2) Analog/RF Analog/RF Schematic Simulations

3) 3D Multilayer EM for Momentum

4) Data evaluation with the Data Display

5) Arbitrary 3DEM for FEM and FDTD Elements in EMPro and ADS
6) FrontPanel routines

7) Conclusion

8) Backup
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3) 3D EM ML for Momentum

When to use this tool ?
e

. Some structures can not be modeled with the Multilayer
transmission line library

EXKXH

EYE KNOW HOW
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> If you need to simulate a structure with a Slot in the
Reference plane the 3D Multilayer EM Field solver for
Momentum is the tool of choice

< Usually such existing Layouts are too complicated to be
Re-drawn. In this case it is required to transfer the Layout
from the Layout tool to ADS Layout.

. For Cadence Allegro there is a very good interface available:
The Allegro DFI (Design Flow Integration)

— EKH - EyeKnowHoW\Sept. 28th 10\ 22



3) 3D EM ML for Momentum EXKXH
Problem Description
——
X In order to reduce layers an asymmetric stripline concept
was chosen for an embedded board layout

. On one side a good GND referencing was given in close
proximity, while on the other side a splitted power plane in
further distance was implemented.

X Target of investigation:

Do a check if the non ideal power
referencing is causing any Problems!

EYE KNOW HOW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Routing over a split in

GND the second Reference

sig
PWR

split

EKH - EyeKnowHoﬂSept. 28th 10\ 23
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3) 3D EM ML for Momentum
Problem Description
—
> This I1s an example where we extracted the S-Parameter
for a CA bus on an embedded computer module.

X The board area was about 3x3 inches

2 Signals included: 2x CLK, 4x CA signals

P
. Connecting to 8 DRAMS, one controller and some \%{é }
Terminations this results in 62 ports! 2

T \\\/ |
e \ //’\\ $ /
75// \\\\\ /4/ (
P L N /
ﬁgjﬁ‘%&; *?ﬁ’@’“i ______ — \\ : V%
g@f‘f \\fi't\éﬁw\k - /
e e £ N e
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EXKXH

3) 3D EM ML for Momentum
Prerequisites for the Allegro DFI EvE KNow How

1) Trace Select | 2) Lapes Select | 3] Cookie Cutter | 4] Component/Pin Select | 51 Paits

Autoplace Ports

2 The DFI consists of two parts: e

. The Interface in Allegro
. The Allegro import Design kit in Momentum

© Preparation
\lInstall the DFI in Allegro according to the help| —
\_Install the Allegro import Design Kit in ADS | wmowes e
. Think about your requirements! T ——

= |f you need a big layout you need to focus on model size reduction
and reduce your accuracy settings

= If you need an accurate high speed model you need to take a mall
part of the layout with high accuracy settings

EKH - EyeKnowHoW\Sept. 28th 10\ 25



3) 3D EM ML for Momentum EXKXH
The Allegro DFI interface

X The accuracy settings for Allegro DFI are defined in the
eemom.option file

. If a design specific file is used it needs to be in the same
directory as the design and called “Designname.eemom”

EYE KNOW HOW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

X For the described problem a reduced accuracy,s
was required to reduce the model size.

\Vias and pads can be exported as squares  °*
. ARC resolution can be reduced

- B By
. GND holes could be skipped, but this fb?m
was done during the simplification i
In ADS

Imported Layout
Only signal layers

EKH - EyeKnowHoﬂSept. 28th 1& 26



3) 3D EM ML for Momentum

Simplification in Momentum

< To get a reasonable model size the layout needs some
further simplification in Momentum

. Convert Strip to Slot supply layers
. Remove not required vias

. Remove not required openings in Supply layers
. Delete not required metal on Signal layers

EXKXH

EYE KNOW HOW
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Simplified Layout
Only signal layers

EKH - EyeKnowHO\)KSept. 28th 10\ 27



3) 3D EM ML for Momentum EXKXH

Connectivity check in Momentum
—
< During Simplification it Is possible to delete something
that is still needed =» Often check the connectivity!
. Several connectivity checks are implemented in Momentum

A fast and easy check is available under
“Allegro Tools =» Allegro Nets!

= This can have problems with routing on slot layers
. The connectivity check in the 3D viewer

works for this as well, but takes
|0nge|‘ ’[0 execute_ /-a DDR_CAS_N (_neth94 _net507) |

EYE KNOW HOW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

"N Allegro Nets/Ports:2 )
—

- @ DDR_CLE_M (_netd92)
7 @ DDOR_CLK_P [_netb3)

/ ] S . @ DDR_MAD [ net7O0 _net510)
CAS . @ DDR_MA_14_( netT06 _net503)
Slot Routing . @ DDR_MA_1 [ netf99 net508)

Connectivity check
with “Allegro Nets”

N
1

Connectivity check |7

with the 3D viewer

o

EKH - EyeKnowHoﬂSept. 28th 10\ 28



3) 3D EM ML for Momentum

Preprocessing and Settings in Momentum

X Further methods to reduce simulation time

. Preprocessing with “Layout Healing”, “Shape Merging” and
“Layout simplification” enabled

. Meshing and Simulation settings
= Enable Edge Mesh only for signal layers using layer based settings

EXKXH
EYE KNOW HOwW
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¥ Mesh Setup Controls:

Global Mesh
settings

Layer based
Mesh settings

ok [ Reset |[ cer J[ concel |[ rep |
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HIGH SPEED SIMULATION AND MEASUREMENT

3) 3D EM ML for Momentum

Final Transient simulation

Simulation target: DataDisplay
Eye_evaluation

. Simulation target: DataSet
S Time={0000nss0 _CAS_Extracted 2Ghz_inclAggressor_noShort

MaxTimeStep=1 rsec

S-Parameter based Simulation

! mul a! on !arg

CAS_couf

Simulation
CAS_coup

CA_Load_D2r_topl0

Nu
12670
Nure=t1

e <1
Nurmz0

uraoro
Nurmz1

u1z_67c
Nur=12

A g DR2 T
R ©A_Load_D2r_top24
la_blr_top
w414 o top
COElD figtde
B 5 acg B
o
g T A°F 5z HI10}-0075 mr
7 7 297 g Br0[10-0.005
" ¢ - R=RTT CLK
P1i_cukn_oL ! v P12_cumn o | cxo_oe_vr]

3538 EmiE EEE iR 2 S S Gretaer
e Sz =2 o= 22
D@l IEia LM iEBia IEEa
B EEE B8 2 33233 ZEpzaer 3 33F 33 B ESE R uraors
5 EF ez <O~ uts 7o
T
Numze <% Nim=3
a bbbt odd W l o e soct Numas <O H =
RE bl bot m s bl
] DDR2 = Qimo:
M CA_Load D2r_ipp23
Lig_in DDR2
GA_Leosd_D2r_top22
mem ooz |
i _ F:\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum_prj\networks\CAS _
E}e("‘lmf’gge'?&%kﬁhbfﬁer Designer Design Name | Current Date and time | Design
Hermann Ruckerbauer@EyeKnowHow.de CAS_coupled_schematic Jul 26, 2010 Ji
+49 (0)9938 902083 - — 12:45 PM
[
Path to Design
F\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum_prj\networks\_CAS_coupled_schematic
Eﬁﬂn_a E:J&%k\ﬁﬁb:# o Designer E}@* Design Name Current Date and time | Design was last saved
Hermann Ruckerbauer@EyelKnowHow de i onees s oEag st oiaogER _CAS_coupled_schematic Jul 26, 2010 Jul 26, 2010
+49 (0)9938 902083 ER Logo,varizbles 12:19 PM 12:16 PM
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Agenda

1) Introduction

2) Analog/RF Schematic Simulations

3) 3D Multilayer EM for Momentum

4) Data evaluation with the Data Display

5) Arbitrary 3DEM for FEM and FDTD Elements in EMPro and ADS

6) FrontPanel routines

7) Conclusion

8) Backup
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4) Data Evaluation H

Simulation Results: Multilayer T-Lines

EXK

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Alias $DS_Signal1: F:\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum _prj\data\_CAS_coupled_schematic_incAggressor.ds
BN Evaluated_Signal 1=$DS_Signal1. CA_D2r_top EKH Eye Resulfs Select Simulation Index
indepitimes_Sig1) times_Sig1
[ rate_Mbps | Ul ps | v m\weﬂwmgcrgﬁ 5%%” mindexSig1
va Inaow n
E 0 ; | 4UU-UU| 250UDC|| \-'aqpl\'gi&dm;osta%% 1860p T T T
vall Indow 6 | omeoom= s oo
. ye Lpening D (~ACDC) inps ind % - e T 4L E-
;.S i |g‘sEtht[5] j] gg‘iﬂ Sim ulation Index 0
b 2025.04 81.00 HEh 5 o7
16
1e] tRX_Min In psund %
JREN P ADS Eye Resuls
g 1.0+ Eye_close_Sig1 Eye_rise_ps_Sig1
(] 4
2 08 151 inps ind% 0.918 2863.967
o 06
a ] | 125 04 | 5.04 | [ Eye_height_Sig1_| Eve fall_ps Sigl
04 0972 623.658
0.2 Overshoot and Peak
0.0
1 0330 1.470
B o o e e O o e L o e e e e e L 1.060
5 2 8 £ 8 8 5 nw = o3 o= D om = o>
S 2 5 5 5 5 5 8 5§ 3 3 8 B8 & 2
S 85 & » » » § § § 5 5§ 5 § 5 5
B
2
Eye Crossing and Histogram
mSig1Eye mSigitri
R v 130 20
18 [ 160 18] I
6 [140 16
1.4 e L o 14
2 2] -0 5 12
7 L
E 10 > Lo B e
o o0s] | o "l T2 o]
o 06 o8 06
g ] B ]
0.4 e L4 3 0.4
0.2+ L 0.2+
oo _—20 0.0 |
e e A A U W e A A
528588545 :3 350855 0 02 0 0: 0. 03 08 o
5 § © » » =» 3 5 5§ § 5§ 5§ 5 5§ 75 time, usec
mSiglEye mSigitm
indeptmSig1Eye)=1.375E-10 indep(mSig1tri=1.262E-9
MarkerLing=. timqlharKerLing=2 Project Directory Default Dataset Name
. FiDatenEKH\WADS Agilent_CA_Simulation_Momentum _prj _CAS_Extracted_2Ghz_inclAggressor.ds
Designer Hermann Ruckerbauer
h Kerb @E E:eKnEWHZW Design Name Current time Simulated
emann.iuckemaver@Eyeknow How.de
CAS coupled schematic dsn pWedSep 01, 2010 16:18:26 Mon Jul 26 2010 13:02:37
+49 (0)9938 902083 - —touplea_
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4) Data Evaluation H

Simulation Results: S-Parameter

EXK

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

F:\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum _prj\data\_CAS_Extracted_2Ghz_inclAggressor.ds
(el Evaluated_Signal2=$DS_Signal2..CA_D2r_top Select Simulation Index
indepfimes_Sig2) times_Sig2 _
[ rdeMbps | ULps | \-'adeindmvH 2 o0gE-g | MInd&xSig2
valid Window End[1 2 ME-3
. | WU-UU| 2500-00‘ \*aliuWinmstanB] 4633E-11 1T T
Eye Opemng Valid Window % 01.834 L T Rt kR G
2.0 ODW (+-ACDC) inps und % k] 1685E-10 EREEEIER-R =R
o] 151 End 1.276E-8 Simulation Index O
] 15! Start[s] 110E9
1.8 190063 76.03 131 0671 5510
1.6 p—
14 i ) j tRX_Minin ps und %
én 1.04] Eye_close_SigZ | Eye_rise_ps_Sig2 |
.;% 08 1Sl in ps und % 0886 | 534517‘
g E'ii 165.47 562 [_Eye_height_Sig2 | Eye_fal_ps _Sig2
] 1000 525,515
02 Overshoot and Peak
0.0
2] 020 1800 1128
A IS L L A A L N W A R R e
5§35 55 5 328 5838388858
S % £ = = = § 5§ 8 8 5§ 58 5 8 5§
rf'ﬁ
S
Eye Crossing and Histogram
mSig2Eye mSig2tt
20 % Y 3 100 20
15] I 15 \
1.6 1.6 ‘
1.4 o 1.4
2 427 bt 1.21
B
E 1.0 2 = 1.0
] o ]
z 0.8 2 o0sd
o ] Z 0 ]
g 06+ =1 0.5
1 i ]
= 0.4 3 0.4+
D.Z.’—_ D.Z.’—_
0.0 o 0.0-] ‘
D2 S s e R N R N R R .T\:U 75-1’“. e o e A
8 S 2 £ 5 S5 38888 838 5 & 8 - - - - - i - h i
Lo § o - o o 3 3 3 3 3 3 3 3 3 time, usec
mSigEEye mSig2trm
indepfm Sig2Eye)=2 500E-10|  [indep(mSig2t)=1.269E-9
MarkerLing=2 timglaerLing=2 Project Directory Default Dataset Name
. F\Daten\EKHWADS Wgilent_CA_Simulation_Momentum_prj _CAS_Exfracted_2Ghz_inclAggressor.ds
Designer Hermann Ruckerbauer
EYEKTDWHOW Design Name Current time Simulated
nermann.mcKemauer%E&]?;(g;»go?dg: CAS_coupled_schematic dsn Mon Jul 26, 2010 13:23:06 | Mon Jul 26, 2010 13:02:37
s _LAS_ |
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4) Data Evaluation
DDR2/DDR3 Design Kit

= Plot Traces B Atiributes
| #otyme | Plotmtions |
B &

Daitasets and Equations.

(LK MAG 11 533_ips_witDerating

ClockFhghtTimeFall. CLK_tL
ClockFlghTimeRae CLE_t
ClockShewSFall. CLK 11
ClociSlewfRise CLE 11
ClockVDOCLE 1
Cmdiedd_ClackSemsHoldFall hAS_t1
Cmadidd_ClackSkemHoldRise MAG_t1
Crrvléld ClackSeewSetupFall Mg t1
Cmdddd_ClockSienS etupRise bbb 1
CmiddddPighaTimeioldFail hids 1
CmdiddFighaTimeHaldRise G _tL
CrradiddFigHTimeSetupFallhAG_tL
CrelieldFaghaTimeS etupRise A8 11
CmddddhiosebdanginHigh s
CmdidddhicisebAanginlow MAG
CmdieddCyvershootsd nes WG _t
CmcdiddOvershootanes MAG_t1.Fal
Creeliele o essheetnea AR 11 Page
CrrvdiddOvershootPeak bAE 11
CmddddCyvershootPeak. MAG_t] Fail
CmdiddCyvershootPeak, MAG_t] Pess
Crrsslial SR el Fall AAE_t]
Creelieele SR eld Rise S 11
CmddddSewRSatupfal S 11
CmdtddShew RS atupiise MAE_H.
CmdiddUndershootanea MAg_t1
CmdiddUndenhoothnea MAS L1 Fail
CreelieldUn dershestAnea MAS 11 Pags
CrrddddUndershootPeak MAG
CmddddUndershootPeak bAG_H.Fail
CmdiddUndershaotPeak MAG_H Pazs

[€rndadd_ClackskenSetptise MAE L

CrndAdd_ClockSkewetupFalMAG 11
Crndhdd_ClockSkewHoldRise M6 _11
CrndAdd_ClockikewHoldFallMAG_t]

EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Indax elupRsa r.'I.ﬂE_H SedupFall Mﬂﬁ_n HalkdRisa M.ﬂrﬁ_ﬂ HelaFall r.lﬂﬁ_ﬂ

1000 322 505 55132 -49.349
2000 321 A 560110 50352
3000 372 991 10758 74,897
4000 530.344 TT0% -T2.568

000 355833 -117.505 -T2.354
£.000 £33.21% -116.248 -106.536
r.aoa 532 558 -T5.610 02,234
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4) Data Evaluation
DDR2/DDR3 Design Kit

EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

X With the Excel Report a nice report file Is written

2File Edit Select View Inset Opticns Tooks Lsyout Simulste Window Dynamiclink EKHMenue DesignGus
Deg@d D kMl 9 8 AR RiRtd & T&d
| CR2UADSIOSRILO v ComlancRepart  + L= m N ;:" & 0 3 ] @
Palette 5
E —
I = = Compliance
= o= 2 |Measwement
D i
DDR2_ Measurement
urement - Signal Minimum Maximum
dd_ClockSkewSetupFall MAG_t1 310,6360812 4243375578
dd_ClockSkewSetupRise MAG_t1 321,4806629 533,2914575
dd_ClockSkewHoldFall MAG_t1 -106,5358198 -49,34885743
dd_ClockSkewHoldRise MAG_t1 -55,1315254

]

Average
365,5100146
423,1491912

-75,41849373
-86,42465638
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4) Data Evaluation

DDR2 Design Kit: Eye Opening
—

2 EKH Eye calculations:
. Valid Window: |3.15ns|(includes Clock skew)
. Setup+Hold =|3.09ns|(no clock skew)

X DDR2 Design Kit calculation

EXKXH

EYE KNOW HOW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

. Eye opening from AC crossing to DC crossing: EKH Calculation

Ul — (max skewSetup — min skew hold) T R
3750p — (533.3ps — (-117.5p)) =[3099.2ps | pie

A i
< Difference:

. Design kit is cycle based (and more accurate)
. EKH calculation is Eye based (and a bit overcritical)

Measurement Signal Minimum Maximum Average
CmdAdd_ClockSkewSetupFall MAG_t1 310,6360812 424,3375578 365,5100146
CmdAdd_ClockSkewSetupRise MAG6_t1 321,4806629 533,2914575 423,1491912
CmdAdd_ClockSkewHoldFall MAG6_t1 -106,5358198 -49,34885743  -75,41849373
CmdAdd_ClockSkewHoldRise MAG_t1 -117,5047894 -55,1315254  -86,42465638
DDR2 Design Kit results , i
EKH - EyeKnowHow\Sept. 28th 10\ 36



4) Data Evaluation
Using Templates and Predefined Equation

EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

i ™y

T e
e e s ovec SRR
Flot Type Flot Options

H @ & 8B B @ 2 B B 8 B

&

Datasets and Equations Traces
Datasets and Equations Traces
[ADS_UserGroup_Simulation e ] TR [Predeﬁned Equations - ] Trace Options
Sesreh M Z77 Designer_name Search List ~ | | Default_Dataset_Name

time - DDS_File_Name
Z77 Designer_Company s ==Add > DDS5_File_Path >xAdd »=
Z77Z Designer_email DDS_File_Size
F77_Designer_name DDS_File_Created_Time R
77 Designer_phone ohddls. s DDS_File_Created_Date >>Add Vs..>>

. " . DDS_File_Created_TimeZone
777 D Websit: e -

_Designer_ le site DD5_File_Modified_Time << Delete <<
m_m}f_dat.a_dlf =< Delete << DDS_File_Modified_Date
77 _my_design_name = DD5_File Modified_TimeZone
777 _my_design_path Default_Dataset_MName
Z77_my_formated_sim_datetime Default_Dataset_Path Variable Info...
m_m}r_ho r'rle_dir Variable Info Default_Dataset_Size
Z77_my_sim_datetime Default_Dataset_Modified_Time

77 _my_sim_time_length Default_Dataset_Modified_Date
Z77_rny_SimulaterVersion b

Z77_my_sys_dir T

>r Add >

= Add >

Predefined Equations:

: : Default_Dataset_Name
Variables from Design - -

Project Directory N Default Dataset Name
F:/iDaten/E KH/AD S/ADS_User_Group_Meeting ADS_UserGroup_Simulation.ds
Designer Hem ann Ruckerbauer
KnowHow
Hermann.Ruckerbauen@E yel}ﬁo\.\ﬂ owde Design Name Current time Simulated
wawEyeKknowHowcom ADS_UserGroup_Simulation.dsn | Wed S=p 00 54 2:42:08)
+49 [0)9938 902083
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HIGH SPEED SIMULATION AND MEASUREMENT

4) Data Evaluation
Used Data Display Features

_—

. . Make selection it, or delete a dataset alias
U AI h I D5 Sign a\EKERADS\Agilent CA Simulat  rdatat CAS, coupled,schermatic i Agg ords ]
S e I aS to ave S I m p e ac C es S to D5.Sign I A A Ch Sraaition Mamenium I\ CAS Eaecod Sarm ngrestos
DS_Signal3 = _EKH_Spar_DQ Wiite Tran.ds
DS_Signsht = _EKH_Spar_DQ_Read_Tran.ds

different datasets in one data display

Adjust only a single I Plot Type: List / Variable: Alias name (e. g. “DS_Signal1”) I
variable to change e

Alias $DS_Signal1: F:\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum_prj\data\_CAS_coupled_schematic_incAggressor.ds

B Evaluated_Signal1=$DS_Signal1..CA_D2r_top | EKH Eye Resus Select Simulation Index
S0 Times SiaT
H T 23| SOt
EKH Eye Functions . S
5.6
o

Eye Opening oo _seel| Ewsd| | Teowoorroonw
(incl. “DRAM Mask”

se 3 :
— *Nl Slider Marker for

_Minin psu

g 124 23152 o ADS Eye Restits I m I W I
£ 10 [ Eveclose Swi | [ Eve_nise ps So7 |
> 03y 151 inps i % | o8 ‘ ‘ soa.5s7 |
g 06
o 12594 504 [(Eveneignt Sigt | [ Eve_fal_ps_sigl |

] \—‘—‘ 0072 623,068

02+

257‘\‘\‘\‘I‘I‘\‘\'\'I‘I‘\‘\'\'% ﬂEKH EyecaICUtlonS I

mmmmmmmmmmmmmmm

I ADS Eye FU nctions I\ mEye Crossing and Histogram

VT\S\@E‘{E VT\SBWT

180 20
{160 184 }

~ o \l ADS Eye Calculations I
i : i

WBIBOISH 55010 DA

ggunnnggggggggg time, usec

[mSigitT

I Simulation variables I\\

dephrLS g1E ye)=1.375E- 10‘ =1 262E—Q|

ir
JM\afk riin 2 Project Directory Default Dataset Name -
F\Daten'EKH\ADS Agilent_CA_Simulation_Momentum_prj _CAS_Exiracted_2Ghz_inclAggressor.ds J u St I ran S I e n t I raC e
Designer Hermann Ruckerbauer
n P Ez eKno, H wHow e Design Name Current time i
emann. rucl E?g(yn)gg;;m?naa _CAS_coupled_schematic_.dsn Wed Sep 01,2010 16:18:26 | Mon Jul 26, 2010 13:02:37

I Predefined Equatlons I
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HIGH SPEED SIMULATION AND MEASUREMENT

4) Data Evaluation
Use Tabs

File Edit View Insert Marker History Options Tools Page Window Help
O T Ry -z
CDegae h 0 9 4 ad ) X
[_cAs_Extracted_26hz_indlag ~ | @ I
Palette = a
k @ Alias $DS_Signall: F:\Daten\E KHWADS\Agilent_CA_Simulation_Momentum _prj\data\_C AS_coupled_schematic_incAggressords
| Bl Evalustsd_Signal1=SDS_Signal1.CA_D2r_top | EXH Eye Rezut Select Simulation Index
[ ree= wimes | u_os
.
Eye Openlng ODW {+-ACDC) hps und %
13—: =04 100
15+
14 EP R
e Py P ADS Eye Resuls
E o] - EOENl
B oa_: R B m3387
o 08+ — —
= 2] | 1asst| 5r.u| [ E'feh““"’hcj;‘:l [Er== —D:::BI i
83 [E———— ) |
as] —
0‘.,.,.,.,.,.,.,.,.,.,.J’.J‘I.J‘I.u o e 1o
a = o T Z =
BpBBEBEysenEd o
ﬂ - -
“Eye Crossing and Histogram
T e -
1 __ISU
5 N
=140
! Cizn &
B oz g
B i Lo 8
g { F. =
n"} a 0w
g e g e 8
:, - F/Daten/E i CAS_Extracted_2Ghz_inclAggre... ds
Project Directory Default Dataset Name
a e [T o i
az L R B R .
BgEEEE Overview Table
AiE = I 4
Value_names Values_Sig2 Values_Sig1
hermann ruckerbaLer@EyEnoy “\& in ps zgga g;g 2%3?’2%%
+40 (Opads W in ps 1933036 2025041
Eye_fall in ps 389825 623 668
Eye Tise in ps 374.804 863.967
EyeAmﬂnude inV 1.158 1.060
o Eye Height in V 0962 0972
Signald_CLiged) Signal1 Write_CA /\_Signal2_ Eye Closure 0831 e (I :

I Use Tabs for hiding calculations = M ,
BB Value_names1=["ISI in ps”. "tRX mpﬁ".”ouwmpﬁ“_“EyeJaumpﬁ“_“Eye,mﬁempﬁ”."EyeAmpmmem\f‘_“EyengthKerej_ EXEK”OWHOW Ser)t. 28th 1(& 39

BB Values_Sigi=SI_ps_Sig, tRX_ps_Sigl, ODW_ps._Sigi, Eye_fall_Sigi*10eit, Eye_rise_Sigi*10et1, Eye_amp_Sig, Eye_height Sig1, Eye_close_Si

B Values_Sig2=[SI_ps_Sig2, tRX_ps_Sig2, ODW _ps_Sig2, Eye_fall_Sig2*10e11, Eye rise_Sig2*10e11, Eye_amp_Sig2, Eye_height Sig2, Eye_close_Sig2]



4) Data Evaluation
Manual Table Format

F:/Daten/EKH/ADS/Agilent_CA_Simulation_Momentum_prj .dsn| _CAS_Extracted_2Ghz_inclAggre... .ds
Project Directory Design Name Default Dataset Name

: Overview Table
H Oe B =B &

Datasets and Equations Traces

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

[Equatiuns hd ] Trace Options...

Search List ¥ | | plot_vs(Values_Sigl, Value_names) .
ULSig3 plot_vs(Values_Sig2, Value_names) AD S LlSt fo rmat

UL Sigd »>Add =
ULps I1S1_ps_Sig2 I15]_ps_Sig1 tRX_ps_Sig2 tRX_ps_Sig1
Value_names > >Add Vs, >> 133.917 125.926 2330.778 2341522

Value_namesl
Values_Sigl
Values_Sigla
Values_Sig2
Values_Sig2a
Values_Sig2 Variable Info...
Values_Sigd

;

<< Delete <<

Fri Sep 03, 2010 14:06:55
Hermann Ruckerbauer Current time
hemann.uckerbauer@EyeKnowHow. de
. +40 (0)9938 902083
DESIgner EyeKnowHow

Simulated
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Agenda

1) Introduction

2) Analog/RF Schematic Simulations

3) 3D Multilayer EM for Momentum

4) Data evaluation with the Data Display

5) Arbitrary 3DEM for FEM and FDTD Elements in EMPro and ADS
6) FrontPanel routines

7) Conclusion

8) Backup
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5) 3D FEM Simulation

When to use this tool ?
—————
< We have seen a Momentum simulation of a large PCB

with reduced accuracy in order to get the simulation
done.
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< |If the signal rates require a high accuracy then the 3D
EM FEM field solver is the tool of choice

. This gives a high level of accuracy, but
. This can only handle small structures

< Predestinated usage for the 3D EM FEM tool:
. Bond wires in a package

_Vias on a PCB or in Silicon

< Following the optimization of a differential via for 10Gb
data rates ~

— EKH - EyeKnowHoW\Sept. 28th 10\ 42




5) 3D FEM Simulation

Problem Description
—————
< Target of the investigation was to optimize a Via based

on an existing stackup for 100 Ohm differential
Impedance.
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< Data source was a Layout exported as ODB++ that was
Imported into ADS Layout.
. Strong recommendation is to re-draw the structure and NOT to
use the imported data for simulation

. Advantages of Re-Drawing

= Dimensions are accurate what simplifies simulation and reduces
simulation time (more important than you might think ...)

= Changes are simpler as circles are Circles and not just polygons.
By this it is vey easy to change e. g. the radius of a cutout
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5) 3D FEM Simulation

Two Basic configurations

_
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< Double Stich GND < Single Stich GND

X Parameters for Optimization
. Number of stitch vias
\_Distance of stitch vias
. Size of plane cutouts

\ Via pads and antipads
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5) 3D FEM Simulation

Tasks for Preparation: Port Definition

< As In the 2.5D simulation: One of the most difficult things
IS the correct definition of the ports in the setup

. In the Momentum example “internal” ports have been used
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Ref Offset [
[single Mode J M1 Terml 50 + 0 Single Mode 0
Polarity 0
MNormal Reversed 0
i
pedanc
eal
Imaginary
o
Mame
Refel Offzet (+ = inward) .
Tnl P1_Sig_tep + Terml layer_1 -850
a {2 P2 Sig_L3 + Term?2 layer_16 a50
Associate with port ber 3 P2_Sigh_top + Term3 layer_1 -850
P4 _Sigh_L3
PPPPPP fo
le Mode STRIP
- transmission line exdtation
tended calibra
I POI’t Edltor I [¥] Auto select  [¥] Auto center ] Auto zoom I Port Vlewer I
l J[_sopy [ concl [[ kb |
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5) 3D FEM Simulation

Tasks for Preparation: Substrate definition

X Momentum and FEM Substrate are very similar (and
using the same basis)

. Slight difference is the support of dielectric vias (e. g. for
solderstop openings)

. The definition of the Multilayer Transmissionline substrate
definition is different to Momentum
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< Always verify dimensions e —
In the 3D viewer with the

Line
6684002 ¥ 1.25300000e+004 Z 1.85000000e+002
measurement tool!
[} Object conformal_coat_17_obj59
Line
. 000e+004 Z 8.60000000e+001
\
it to Reference
002 +000|Z -1.000000002+002
| 746e +002micron
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5) 3D FEM Simulation

Final Via Definition
— e
2 In a first step the optimization was done with Momentum
and the “3D Distributed” via model in the stackup!
\_This is a reasonable approach for a fast optimization
. The final model was generated using the 3D FEM solver!

> After optimizing the dimensions we found still some
possible improvements:
. Shortly before the via the differential routing
gets wider and the impedance increases

= To compensate this the cutout on top
and bottom was reduced

. But overall the via is capacitive

= To improve this we removed the Pads
on the center Supply layers
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1) Introduction

2) Analog/RF Schematic Simulations

3) 3D Multilayer EM for Momentum

4) Data evaluation with the Data Display

5) Arbitrary 3DEM for FEM and FDTD Elements in EMPro and ADS

6) FrontPanel routines

7) Conclusion

8) Backup
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6) FrontPanel routines
Via Evaluation: SP-TDR
—
< The via parasitics have been evaluated with the
FrontPanel SP-TDR

_ This routine calculates a TDR based on S-Parameters

2 Settings used for Data evaluation
. Define structure as Differential ("Frequency Modes")
Do the evaluation from 0 to 500ps (“Transform Sweep (Time)”)
\ Velocity to 0.5 * 3e8 m/s (“Global Parameters”)
\ Delay of 1.5cm (“Port Extension”)
A\ “Slight” Hamming window with a = 0.9 ("Window")
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6) FrontPanel routines
Via Evaluation: SP-TDR

-
% sp_tdr_dds [Time Domain]:1

Reduction of this peaks was possible

: ST
by addlng C due to Smaller CUtOUt on Domain Select Dataset Select Trace Select Scale Select View
top and bottom ';'_'I:_I:Z“EH':Y [Via_LlLlG_ZSﬁtm_Rnv][de{l,l} v”Impedance v][l'“k:diﬁedDamOnl\-I v] Autoscale Plots
I:I\I‘Iodes R
) Impul
Myl o 102
W e
EEEEEE m —
2 100
Blle 5 ™
@
|<> £ 97
=g 98]
L L L R B B B B B
MODD 100.0p 2000p 300.0p 400.0p 500.0p
Reduction of this peak was possible | @ time, sec
by reducing C due via pad removal at fﬂll .
Center Supply padS! Settings... Mumber of Freq. Pts.: 201 Spatial Resolution: 300 um AliasFree Range: 3 m, 10 ns
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6) FrontPanel routines
FP-Eye

—
< The FP-Eye routine in the Data Display is a good way to

get a fast display of a dataeye W|thout knowing any
equations o

. Disadvantage is the handling:
= Scaling of the Window
= Difficult documentation g
= Only single eye is displayed
= Fixed number format

REERBEER] |

X Normally we use the FP-Eye with the “Save as normal
.dds” as basis for own evaluation sheets!
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/) Conclusion

—
< This was just a small overview how to use ADS for S
. There are many other parts of ADS that have not been touched
= The digital Ptolemy system simulator
= Model support (e. g. IBIS)
= ...and a lot more
. Additionally a lot of interfaces to other tools and models are
available
= Matlab, HSPICE, .. \ "
= IBIS-AMI, X-Parameter, ... \ O\
= Hardware ... PR RN g 0
= ...and alot more

ADS is the Swiss army knife of EDA! ‘
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4) Data Evaluation
DDR2 Design Kit: Clock delay

——

X To simulate the correct Crosstalk the clock needs to be
delayed by around 0.5 tck.
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> But this does is not the perfect adjustment to get
symmetric setup and hold margins.

It is difficult, but possible to calculate the perfect clock
delay out of the measurements from the DDR2 Design kit

> This clock delay can be used to calculate setup /hold
times for the DRAM
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4) Data Evaluation
DDR2 Design Kit: Clock delay
L T Setup/Hold @ 533
< Add DRAM tSH to skew: e 3760
. Max SetupSkew + tsetup = 512ps + 250 ps = 762ps
. Min Holdskew - thold =-94ps — 375ps = -469 ps
2 A delay of 2.02ns would place the clock perfectly

. Need to add the flight time difference between CLK and CA!

. This was calculated based on Slew Rate, Flight Time Clock and
Flight time CA to 185ps 20—
162 519 '468_

. Or can be simulated ... e :
A 2.2ns delay was added to the CLK - (( 1260 |, 1260 >
sl LN\ 2021 | 1728 /.

: 7

\"h.\ L gD

-—
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'|'|II A
\ 4

—y

\ 4

WA

Probe  Measurement Signal  Minimum Maximum Average 0.0
MA6_t1 CmdAdd_ClockSkewSetupFall MA6 t1  395,1531007 449,6923219 425,9007699
MA6_t1 CmdAdd_ClockSkewSetupRise MA6 t1  396,6127588 448,8582792
MA6_t1 CmdAdd_ClockSkewHoldFall MA6 t1  -79,7608975 -3,208134984 -45,58591197

MA6_t1 CmdAdd_ClockSkewHoldRise MA6_t1 |[-94,28593739] -8,268098824 -56,13336704 o

»’
| | | | | | |
05 00 05 10 15 20 25 30 35 4.0
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4) Data Evaluation
DDR2 Design Kit: Clock delay

X EKH Eye Calculation (tSH not considered in Measurement)
. Setup Margin: 1.469 — 0.250 = 1.219
. Hold Margin: 1.581 — 0.375 = 1.206

20
. . — indep(caltst1) caltst1
= Setup time[0] 1.469 n

] Hold time [1] 1.598 n

1.0 Diff Clock skew [2] 58.75p
. Valid window [3] 3.126 n
N CLK skew start[4] 1.813 n

0.5 CLK skew end[5] 1.872n
] Valid window end[6] 3.470n
. - Valid window start[7] 3439p

0.0 i i i i | i | | Delay[8] 1.851 n
én =] n — - [ P [ X N wef[Q] 900.0 m
s ° 8 R B B R B B B
'a E: L=} U= (=] =} L=} o (=}

< For a final Timing Budget calculation there is only
missing the information on Controller output timings
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