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1

1.1

1.2

Introduction

This tutorial demonstrates how to use Electromagnetic Interference (EMI) mode in SPEED2000 to
analyze the conducted and radiated noise from a DIMM memory module. It mainly introduces the
setup of IBIS driver models for controller and memory.

Overview

The purpose of EMI workflow is to allow user to study the radiation from their designs. It lets
user to study:

o Radiation versus frequency from the design
o Near-field E/H densities

The EMI workflow in SPEED2000 leads you to:
e  Setup layout

e  Setup simulation parameters

e  Check errors

e Runsimulation

e  View results

Sample Case
The following three original files are used in this tutorial:
e SODIMM_EMIl.spd - layout file for SODIMM

- ltislocated in: <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\EMI
Simulation\Examples_PreSetup\

e dram.ibs — IBIS file containing DRAM buffer models
e ctrl.ibs — IBIS file containing Ctrl buffer models

- They are located in: <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\EMI
Simulation\Examples_PreSetup\IBIS\

And the completed sample and IBIS files (with step by step setup introduced in this tutorial) are
also provided and located in:

- <INSTALL_DIR>\SpeedXP\Samples\SPEED2000\EMI
Simulation\Examples_PostSetup\
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2.1

2.2

Layout Setup

This chapter describes how to set up layout for EMI simulation.

Loading Layout File

1. Launch SPEED2000 Generator.
2. Select the EMI Simulation workflow.

‘Workflow: SPEED GEMERATOR.

X

DDR-550 Simulation

s
*

Power Ground Noise Simulation

et
b

EMI Simulation

o
o

Layout Setup @
Load Lavaouk File
Simulation Setup @
+" Enable Base Mode
Optional @
Error Check ®
Simulation @

SI Metrics Check

£

Trace Impedance,/Coupling Check

TDR/TDT Simulation

£3d

IBIS Simulation

<&

<%

3. Click Load Layout File to load .

Checking Stackup

spd file.

This section leads you to set up the stackup and the parameters, which should be set correctly for

each simulation.

1.  Click Check Stackup in the Workflow pane.
The Layer Manager -> Stack Up window opens.
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Layer dManager -> Stack Up O x
Stack Up |
Lawver # Laver Icon | Laver Mame Thickness(... | Material Conductivity(S... | Fill-in Dielectric Permittivity | Loss T~
; Mediumg40 0.1 il u]
1 Signal§TOP 0.035 ©,5e+007 | [1] [a]
Medium$42 0,106 45 0.035
2 Signal§Eot 0.017 5,8e+007 | [4.5] [0.035]
Mediuma 0,17 4.5 0.035
3 Signal$Ini 0.015 5,5e+007 | [4.5] [0.035]
Medium$46 0.4 45 0.035
4 Signal$Ihz 0.015 5,5e+007 | [4.5] [0,035|=
Medium$4s 0,17 4.5 0.035
5 Signal§vDo 0.03048 5,959e+007 | [4.5] [0.035
Medium$50 0,23 4.5 0,035
3 Signal$INg 0.03048 £,959e+007 | [4.5] [0.035]
Medium$52 0.23 45 0.035
7 Signal§Eho? 0.017 5,5e+007 | [4.5] [0,035]
Medium$S 0,106 4.5 0,035 —
8 Signal$BOTTOM 0,035 5.8e+007 | [1] [o]
1 MadinirmdEe N R i n
[ Il
Total Thickness:  1.8130e4+000 m | Wi Makerial || Impark |
| Auto Set Laver Special Yaid || Filter... |
Unit: |mm | - || OK || Cancel |

2. Check and edit the stackup as desired (no change in this example).
3. Click OK to exit the window.

2.3 Selecting Nets

This section leads you to classify and select the nets to be simulated. The power and ground nets
need to be properly assigned in their respective groups before performing simulation.

1.  Click Select Nets in the Workflow pane.

Layout Setup 'E')

Load Lavout File

Check Stackup

Calask hl=ak

Setup PG nets ,
Simulatio P L‘E)
] Skip setup PG neks
+ Ena

2. Click Setup P/G nets in the pop-up menu.
The P/G nets classification wizard opens.

P#G nets classification wizard -Ox

Select Components

Component

5]
O
S
o
el
=
=

@ EEFROM_MASTER_TSSOPE-EEPROM_2KEB_SERIAL_2K_1_8Y
& RESPACK4_MASTER-RESISTOR _NETWOF_22_0hm

@ RESPACKS_MASTER-RESISTOR _METWOH_10_Chm

@ W_source

B E &

O
O
O
O

[wIFilter components with number of pins == Update

Cancel
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Tips

You can also open the P/G nets classification wizard by right-clicking a net in
Net Manager and choosing Classify > P/G nets classification wizard....

3.

4.

Select J1, DO, and D8.

-
P/ G nets classification wizard

Select Components

Component

2 E @
@1

=2 E & oram
O o
O @ own
O ¢ on
O @oiz
O @ o1
O @ o
O @ ois
0O oz
O &os
O ¢ o

-

=1

seeees

[
m

EPROM_MASTER _TS50PE-EEPROM_ZKE_SERIAL_2K_1_&Y
RESPACK4_MASTER-RESISTOR_METWOF_2Z_Ohm
RESPACK4_MASTER-RESISTOR_METWOH_10_Ohm

\_source

B

a9848EO0000

Ooooa

3]

[wl Filker components with number of pins >= Update

| Mexk = || Cancel

Click Next.

The nets connected to a given component on more than one connection or ball are detected as
potential Power or Ground nets.

P/G nets classification wizard -0

Assign signal net to PG net

-Potential PG nets connected to selected components are listed,
-Some of those nets are not vet classified as PYG nets in Met Manager,
To classify them as PJia net,select those nets and use right: click menu.

Potential PG Mets
= 28 Powerhets
A]vREF
FvoD
B& VDDsFD
= 24 GroundMets
B e
28 Detected PG nets

Tk = || Zancel
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5. Click Next.
All the power and ground nets defined and generated are shown.

P/ G nets classification wizard -Ox

Assign power net volkage and PIG net paring

PiG Met Lisk Walt(v) Paring P/'5 Mek
= 28 Powerhets

LA vREF

Fvoo

B V00D
= 24 GroundMets

B M

| < Back. I Firish || Zancel |

6. Click Finish.
The Net Manager automatically appears in the right pane.

| Met Manager

x|
= E)

|Show Walt & P/G v

Mek List {Sort enabled First) Waolk (V)
O 2 28 unnamed Metis) |
= B E&rowerhets
FlvoD
O B vooseo

O LAvrer
= 24 Groundiets

e
7.  Check the signal nets: DQ0~DQ7, DQOR~DQ7R, DQS0+, DQSOR+, DQS0-, and DQSOR-.
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™ List{Sort enabled First) Tl (L3 'Paring PC|

O 2 B8 unnamed Netis)
= B BEprowerlets

Avon
O 2 Evoosen
O 2 Avrer
= 4 Groundiets
B chD
HEpoo
Eipoor
| Juls)l
EDoiR
Hooe
) Jaled
Hloos
Eoozr
| Jale]
HEDoar
Hoos
B oSk
HEoos
B DR
Hooz
Floowr
[ B Dos0+
H poso-
r B DosoR+
L B DOSOR-
Ol Beo
O] Eaoe
O B at
O Eair
O Az
O Aazr
O Eeas
O Eaze
O] Eae
O 2] B adr
O Eas
O Eask [~]

eneral
keep shape enabled when the net is disabled
Gray Disabled [ Hide Disabled

All the DQ and DQS signal nets connected to U0 and U8 are enabled.
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3.1

3.2

Simulation Setup

Enabling Base Mode

The EMI analysis relies on the base analysis mode. It is similar to other analysis performed in the
base mode. The only difference is to enable the storage of radiation results and potentially add
probes in locations that typically would not be probed in a signal integrity-only context.

Click Enable Base Mode in the Workflow pane before setting up other simulation options.
+" Enable Base Mode

When enabled, a check mark +" appears next to the workflow step.

Assigning Capacitor Models
There are two ways to assign spice models to capacitors in SPEED2000:
«  Entering the capacitor netlist on the fly
o Importing a library directly
This section introduces how to assign spice models to all relevant capacitors with the first method.
1. Choose Setup > Circuit/Linkage Manager....
The Circuit/Linkage Manager opens.

CircuityLinkage Manager x
| -]
Ckt Mame Model Mame
v A & capact
v A ca & capact
A c7 & capact
+ [A ca &7 capact
v A cio & CAPACT
[l ci1 & CAPACT
A c13 & capaCT
v [A c1a & capact
v A cie & capACT
&l 17 & capact
El i & capact
v A c1e @ capac
I
i o]
kt Mode Pkg MNode Layer h:
i
Circuit/Linka. .,
2. Select C2.
3. Click Edit.

The Edit Definition dialog box appears.
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Edit Definition - 0 x

efinition Typ —Partial Circuit Type
) Partial Circuit ) Speedip (OHSPICE
Local Parameters Global Parameter
Marmne : ‘CF\PACITORS_MASTER—CAPACITOR_ZZD_ZZDHF |
Mame Walue

External Nodes: |1 2

Definition : | = | | Edit | |De|ete |
C 12 220nF —TModel File
Type: | ‘ v|
File Mame : | |

HeaderFoater Info : Read-Only

Footer E|

Exthode =12

4.  Define a simple ideal capacitor as:
o Name: CAPACITORS MASTER-CAPACITOR_22D 220nF
o  External Nodes: 1 2
o Definition: C 1 2 220nF

5. Click OK.

The SPEED GENERATE dialog box appears, showing all capacitors with the same part
number or model name are updated to use the given model.

SPEED GEMERATOR X

i ) The model definition is changed Far the Follawing circuits
cin
11
C16
17
C15
19
2
20
23
26
33
36
38
40
41
46
50
56
el
51
and more ...

6. Click OK.
A dialog box prompts to ask you whether to enable other related circuits.
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3.3

3.3.1

7.
8.

Enable related Circuits

Do yiou wank bo enable them now?
11
C17
15
20
26
33
35
46
CE0
6l
62

The Following circuits are not enabled,

| 804

| | Cancel |

Click OK.

Repeat Step 2 to 5 to define models for all the capacitors in this design.

NOTE!

So far, the ideal capacitor models are used for all capacitors. However, it is
recommended to use parasitic to make the simulations more realistic.

Setting Up Circuits

This section defines the controller and memory device models based on the IBIS models. The
design is set up in a write mode, that is, the controller is writing to the memories running at
DDR3-1333 speed.

Setting Up Controller Model

1

3

Choose Setup> Circuit/Linkage Manager....
The Circuit/Linkage Manager window opens.

Select J1.

Circuit/Linkage Manager x
\ [-[7]
" "ok Mame "rodel Name Tags

El o7 & DRAM

A o= & oram

A os & DRaAM

E oo & DRAM

A o1t &' Dram

A o1z & DRaAM

A o13 & DRAM

E 014 & DRAM

A o1s & oram

A 1 $PEEPROM _...

El 1z P EEPROM _...

0| < EM

A 1 @ RESISTOR...

A rs @ RESISTOR....

El re &P RESISTOR...

A rio @ RESISTOR....

A ri1 @ RESISTOR...

E riz &P RESISTOR...

A ri3 @ RESISTOR....

[l pi4 @ RESISTOR....

S TR
ca ] [ )]
Clt Node | Py Hode Layer Name
SignalfTOP =
z Nodel03981...  SignalBOTTOM
3 Nodel0395!... SignaTop
4 Nodel1585!... SignalBOTTOM
L Made115801 innalE TP

Circuit/Linkage Manager

Click the Edit button.
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The Edit Definition window opens.

- -
Edit Definition

efinition Typs

—Partial Circuit Type:
® Partial Circuit

® Speedsp O HaPICE
Local Parameters : Global Parameter
Mame : |CTRL |
Mame Value

ExternalModes : 200 195 196 194 192 190
186 186 18¢ 132 180 178 =)
176 174 172 170 165 166
164 162 160 155 156 154

Definition !

—TModel Fil
Type: | | = |

HeaderfFooter Info Read-Only

+ Exthode = 200 198 196 194 192 190
+ 180 178 176 174 172 170 168 166 164
+ 140 135 136 134 132 130 125 126 124
+ 100 93 96 94 92 90 &5 86 84 62 80 75
+ 60 55 56 54 52 50 45 46 44 42 40 35 3

4 Select IBIS- 1/O Buffer Information Specification from the Model File Type drop-down

menu.
P ~
Edit Definition - 0O x
efinition Typs —Partial Circuit Type
®) Partial Circuit () Speedip I HSPICE
Local Parameters ;
Mame: [CTRL |

Rarme Yalue

ExternalModes: (200 198 196 194 192 190
185 136 134 182 180 173 =
176 174 172 170 168 166
164 162 160 158 156 154

Definition !

—tlodel Fil
Type:

) IE1S uffer Informal

File Ha EED - Electrical Board Description
MCP - Sigrity Model Connection Pratocol
CPM - Apache Chip Power Model
HSPICE - HSPICE et List

HeaderFoaoter Infa : Read-Criky

+ ExtMode = 200198 196 194 192 190138
+ 180 178 176 174 172 170 168 166 164 162 —
+ 140133 136 134 132 130 128 126 124 122
+ 100959694 920038 36 84 B2 8073 76 7

5  Click the Edit IBIS button.
The Pin Editor: J1 / CTRL window opens.
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- ~
Pin Editor @ J1 4 CTRL

D Companent : ‘ -

Fin Linkage Pulldown Pullup GND Clamp Power Clamp Signal name Maodel Falarity

Package Model:  (Mome (OPRRLC (O Packags Model @

Set On Die Subcircuits. ..

Ca

6  Click the browse button [***] and select the file ctrl.ibs for J1.
The Pin Editor field is updated with the IBIS component information.

~
Pin Editar ¢ J1 4 CTRL

Dihdocurment updake\ SPDEEN casel SODIMM_Radiationi[BISctrlibs ., Component : DDR3_i ‘v‘

Fin Linkage Pulidown Pullup GO Clamp Power Clamp Signal name IMadel Faola

4 103 103 === Node989911103::¥DNC Powerl MNC Powerl Voo POWER Mon-Inve|
4~ 104 04 <==> Nods92a02!110: NC Powerl NC Powerl DD POWER. Mon-Inve)
I:"b_ 11 1 «==> Model15171111::DQSGround Powerl Ground Powerl DQS0- data_odtaff :: dataMon-Inve
4 111 MNode959611111::MD NC Powerl NC Powerl DD POWER Mon-Inve
4= 112 12 <==> Mode959311112::¥DNC Powerl NC Powerl DD POWER Mon-Inve
4 117 17 <==> Node98a711117:¥DNC Powerl NC Powerl Voo POWER Mon-Inve
4 118 MNode9590!11 18D NC Powerl NC Powerl Voo POWER Mon-Inve

+ 12 2 <==> ModelD405!112;:GNCGround MNC GMND aMD Mon-Inve

+ 121 21 <==> Nodel0470!1121::G Ground MNC GMND aMD Mon-Inve

+ 12z 122 === Nodel046711122::G Ground MNC GND GMD Mon-Inve

4 127 27 <==> Node10500!!127::G Ground MNC GND GMD Mon-Inve

+ 128 28 ===> MNodel0497!125::G Ground MNC GND GMD Mon-Inve
I:"D_ 13 3 <==> Nodell4911113:DQGround Fowerl Ground Powerl D0+ data_odtoff @ dataMon-Inve

+ 132 132 === Nodel0491!1132::G Ground MNC GMND GMD Mon-Inve

< >

Package Model:  (9tMone  (OPnRLC  (FPackage Modsl:

Set On Die Subcircuits. ..

7  Define the stimulus for the controller DQ and DQS signals, assuming that all signals toggle
in phase with a 1010.. pattern.

7.1  Click the Signal Name column to rank the signals, which makes it easier to identify
DQ signals.

7.2  Click the blank cell in the Stimulus column.

The Stimulus Signals: box appears in the lower right corner.
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Pin Editar : J1 £ CTRL

- 0O x
| rydocument update| SPOGEM|case5ODIMM_RadiationiEIS\ctrl. s | D Component: ; ﬂ
Pulldown Pullup GHD Clamp Power Clamp | 4 Signal name Model Polarity Stimulus Enabls Sgn Mon Pwr Mon
o I
lound Power] Ground Powerl Dot data_odtoff :; data Nan-Inverting =
lound Power] Ground Powerl ooz data_odtoff :: data Non-Inverting
ound Pawier] Ground Powerl [¥lo%] data_odtoff :; data Nan-Inverting
lound Pawier] Ground Powerl D4 data_odtoff :; data Nan-Inverting
lound Power] Ground Powerl (Vo] data_odtoff :; data Nan-Inverting
lound Power] Ground Powerl ooe data_odtoff :; data Nan-Inverting
ound Pawier] Ground Powerl (VoK data_odtoff :; data Nan-Inverting
ound Pawier] Ground Powerl DREn+ data_odtoff :; data Nan-Inverting
aund Power 1 Ground Fowerl DQ50- data_odtoff :: data Non-Inverting
aund MNC GO GhD Mon-Treverting
aund MNC GO feyin] Mon-Ireverting
ound MNC GHD et} Mon-Inverting
ound MNC GHD et} Mon-Inverting
aund MNC GO GhD Mon-Treverting
aund MNC GO GhD Mon-Treverting
ound MNC ‘ GHD. fetyin] Mon-Inverting ‘
ul

7.3

7.4

Package Model :  (9'Nene  (JFRRLC () Package Madel :

St ons : N~

Set On Die Subcircuits, .,

Select New... for Stimulus Signals from the drop-down menu.

Stimulus Signals -

The New Definition window opens.

Mewy Definition

efinition Type
) Sub-circuit

—Partial Circuit Type
® SpeedyP

I HSPICE

Marne: :

Local Parameters :

Global Parameter

External Nodes !

Definition ¢

Value

Hame

—Model

Type: |

|v|

Component Mame:

L 1

Header Footer Info :

Reead-Only

Input the following:
« Name: data_in
« External Nodes: 1 2
« Definition:

Vin 1 2 digital_ramp(0 1 750p 0 10p 10p)
+pattern=(1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0)
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Edit Definition

) Sub-circuit

’—Definitinn Type

(—Partial Circuit Type
) SpeedxP I HEPICE

Mare : |data_in

Local Parameters ©

Global Parameter

External Modes: |1 2

Definition :

Mame alue

Win 1 2 digital_ramp(0 1 750p 0 10p 10p)
+ pattsrn=(1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,00

Modzl File
Type: | | = |

Header/Footer Info Read-Only

Footer E|

+ 1 2

Canicel

75 Click OK.
The new stimulus circuit data_in is created.
7.6  Assign signals DQO~DQ7 with data_in.

8  Repeat Step 7.2 to 7.6 to create new stimulus circuit with opposite polarity for DQS+ with

the following:
Name: dgs_in_pos
External Nodes:1 2
Definition:

Vin 1 2 digital_ramp(0 1 750p 375p 10p 10p)

+pattern=(1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0)

-
Edit Definition

’—Deﬁnit\on Tvp

(#) Sub-circuit

—Partial Circuit Type

(31 SpeediP CFHSPICE

Mame @ |qu_InJJDS

Local Parameters

Global Parameter

Name Walue

ExternalModes: |1 2

Definition :

Win 1 2 digital_ramp{0 1 7S0p 350p 10p 10p)
+pattern=i1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0)

—Model Fil
Type: | |v|

Header/Footer Info @ Read-Only

Footer E|

+ 1 2

Cancel
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9  Repeat Step 7.2 to 7.6 to create new stimulus circuit with opposite polarity for DQS-: with

the following:

Name: dgs_in_neg
External Nodes: 1 2

Definition:

Vin 1 2 digital_ramp(0 1 750p 375p 10p 10p)
+pattern=(0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1)
10 Select DQO~DQ7, DQSO0+, and DQSO0-.
11 Select data_odtoff in the column of Model, and Output in the column of Enable.

[Pin Editor : 1 £ CTRL
£1\Bugs| 14968 _SPEED2000 EMCBEMT|tutorial_0624|case| BIS|ctrl.ibs Compenent ; |pppg | -
Pulldown Pullup GND Clamp Power Clamp | # Signal name Model Polarity Stimulus Enable Sgn Mon Prar Mon
ound Powier] Ground Powerl Do data_odtoff :; data Non-Inverting data_in Cutput; O
lound Pawier] Ground Powerl Dot data_odtoff 1; data Won-Inverting data_n Cutput ] =
iound Fowerl Ground Powerl DGz data_ndtaff :: data Non-Tnverting data_in Gutput [m] [m]
iound Fowerl Ground Powerl DGa data_ndtaff :: data Non-Tnverting data_in Gutput [m] [m] Bl
ound Power] Ground Power] Do4 data_odtoff :: data Non-Inverting data_in Cutput. [m} [m}
ound Power] Ground Power] Dos data_odtoff :: data Non-Inverting data_in Cutput. [m} [m}
aund Power 1 Ground Fowerl Dge data_odtoff :: data Non-Inverting data_in COutput [m} [m}
iound Fowerl Ground Powerl DG7 data_ndtaff :: data Non-Tnverting data_in Gutput [m] [m]
ound Pawerl Ground Powerl DOS0+ dats_odtoff 1 data Non-Inwerting dgs_in_pos Cutput [m} [m}
ound Power] Ground Power] DQso- data_odtoff :: data Non-Inverting dgs_in_neg Cutput. [m} [m}
jound NC GND GND Mon-Inverting
ound NC GND GHD Mon-Trwverting
ound NC GND GHD Mon-Trwverting
jound NC GND GND Mon-Inverting
jound NC GND GND Mon-Inverting
aund NC GND GND Mon-Ineerting
ound NC ‘ GND GHD Mon-Inwverting
il
Filker Package Model:  (®)None PFin RLC Package Madel :
Set On Die Subcircuits, ..
Ok Cancel
12 Check Pwr Mon.
r
Pin Editor : J1 f CTRL
1B15ictrl.ibs Comporent ! | ppr3_j -
Pulldavn Pullup GHD Clamp Power Clamp | # Signal name Model Polarity Stimulus Enable Sgn Man Prar Mon
Ground Power1 Ground Powerl [sa) data_odtoff :: chon-Inverting data_in Qutput O
Ground Powerl Ground Powerl oQt data_ndtoff 1: cMor-Inverting data_n Gutput O =
1z Ground Powerl Ground Powerl D2 data_odtoff :: chon-Inverting data_in Output ]
=iround Power1 Ground Power1 Do3 data_odtaff i cMon-Inverting data_in Cukpuk O il
Ground Pawer 1 Ground Pawerl D4 data_odtoff :: cNon-Inverting data_in Output [m}
Ground Power1 Ground Power1 Dos data_odtoff :: chon-Tnverting data_in Cutput O
e Ground Pawer1 Ground Pawerl [sle3] data_odtoff :: cNon-Inverting data_in Qutput [m]
¥7Ground Power1 Ground Powerl [slerd data_odtoff :: chon-Inverting data_in Qutput O
= around Power1 Ground Powerl DOS0+ data_odtaff i cMon-Tnverting das_in_pos Cukpuk O
1=Ground Pawer1 Ground Pawerl DQs0- data_odtoff 11 cNon-Inverting dgs_in_neq Output [m}
& Ground MC GND GHD Mon-Inverting
5 Ground MC GO GND Mon-Irverking
& Ground MC GND GHD Mon-Inverting
= Ground MC GND GHD Mon-Inverting
3 Ground MC GHD GHD Mon-Inverting
& Ground MC GND GHD Mon-Inverting
5 Ground MNC ‘ GND. GND Nor-Inverting
il
Filker Package Model @ (#) None Pin RLC Package Model @
Set On Die Subwircuits. ..
OK Cancel

After all the settings, the green signs appear ahead of the selected signals.
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-
Pin Editor @ J1 ¢ CTRL

[Elsicirl.ibs [..]  component:|pops [-]
Pin Linkage Pulldovn Pullup GHD Clamp Power Clamp £ Signal name Madel Palatity Stimulus
3 Mode11580115::000  Ground Powerl Ground Paverl (0] data_odtoff 1 chon-Inverting data_in outg
7 Mode11572117::001  Ground Pawerl Ground Powerl Dol data_odkoff 1! cNon-Inverting data_in Qutp| =
17 Pawerl Ground Powerl Doz data_odkoff 1! chon-Inverting data_in Ot
19 = MNodell3700119::DQZGround Paowerl Ground Powerl D3 data_odkoff :: cNon-Inverting data_in Qutp
4 Mode11585!14::0Q4  Ground Powerl Ground Pawerl D4 data_adtaff i cMon-Inverting data_in Qutp
[ Mode11576!16::0Q5  Ground Powerl Ground Paverl DS data_odtaff i cMon-Inverting data_in Qutp
14 > Node114711114::D0¢ Graund Powsrl Ground Pawarl D6 data_odtaff i1 chan-Tnverting data_in outp
16 > Nodel14231116::D07 Ground Powerl Ground Poerl D7 data_odtaff :: chon-Tnverting data_in outp
13 > Model14911113:: 005 Ground Powerl Ground Powerl DO+ data_odtoff :: cNon-Inverting das_in_pos oty
11 = MWodel15171111::005Ground Powerl Ground Powerl DOs0- data_odtoff :: cNon-Inverting dos_in_neg oty

L 127 Mode 1050011127 ::6 Ground NC GMD GND Mon-Inverting

L+ 128 Mode1049711128::G Ground NC GMD GND Mon-Inverting

<+ 12z MNode1046711122 G Ground MC GMND GND Mon-Inverting

<+ 132 MNode1049111132 G Ground MC GMND GND Mon-Inverting

<+ 133 => NMode1049411133::G Ground HNC GO GHD Mon-Inverting

L 136 Mode10485!1138::E Ground HNC Lepin GhD Mon-Inverting

é‘ 121 Fl121 Node10470!1121 16 Ground NC Leli (el GhD Noi'v-lnvart\nu

Iil

Package Model:  (®More (OJPnRLC  (CFPackage Model !

13 Click OK.

A dialog box prompts to confirm that the model definition is changed.

SPEED GEMERATOR

i

j) The model definition is changed For the Following circuit

14 Click OK.

3.3.2 Setting Up Receiver Model
1. Choose Setup > Circuit/Linkage Manager....
The Circuit/Linkage Manager window opens.
2. Select DO.

Circuit/Linkage Manager
\
" Tt Name "Model Name Tags
A cez @ capacrro...
A ca2 @ capacrro...
A ca3 & capacrio...
@lec  Pgoran | [ [ |
A o1 &'DRaM
El o2 &DRAM
E o3 &DRAM
A o+ & oram
A os & DRam H
A os & Dram
A o7 &'DRan
El o &DRAM
E o &DRAM
A oo & oram
A o @ oram
A o1z & DRam
A o13 & DRAM
[ ) P
[ 1l ]
Wew | pel || edt | Lo | [ e (7]

3. Click the Edit button.
The Edit Definition window opens.

Set On Die Subcircuits ...
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Edit Definition

- 0O x
efinition Typ —Partial Circuit Type——————————————
(&) Partial Circuit ®) Spesdsp O H3PICE
Local Parameters : Global Parameter
Name : [DRAM |

Name Valug

ExternalModes: (p7 Rg P7 P3 N7 M3 M7
Mg L7 L8 K7 KB K9 T7 [E]
38 19 H7 HB HY R3 R2
P3 PZ N3 N2 M3 M2 L3

Definition :

—Model Fil
e -

HeaderFooter Info : Read-Crily

+ ExtMode = R7 RE 7 P& W7 ME M7 ME
+K7KGKII7 16 I9H? HE HIRIRZ P3P
+KZK11312 M H3HZHILL L9MIRIN
+T7 T& T9 U2 U3 UL U7 US FL ML

4. Select IBIS- 1/0O Buffer Information Specification from the Model File Type drop-down

menu.
r -
Edit Definition . O %
efinition Typ —Partial Circuit Typ:
(@ Partial Circuit (®) speedip (OHSPICE
Local Parameters : Global Parameter
Name : [DRAM |

Mame Yalue

ExternalModes: (R7 Rg P7 PE N7 ME M7
M L7 Ls K7 K& Ko 7 =
33 18 HF HE HY R3 R2
P3 Pz M3 M2 M3 M2 L3

Definition :

Model Fils

T¥PE! | CpM - Apache Chip Power Model -
File T4 il 110 Buffer Information
W& N3N ERE - Flectrical Board Description
PM S P - Sigrity Model Cannection Protacol
CPM - Apache Chip Power Model
HSPICE - HSPICE et List
Edit CPM

Header/Foater Info Read-only

+ ExtMode = R7 RBP7 PB M7 M3 M7 ME L7 L&

+ K7 K8 K9 J7 18 19 H7 H3 H9 R3 R2 P3 P2 N3 N2 M2
+K2 K1 133211 H3H2 H1 L1 L9 M9 RO N9 52 53 51
+T7 T8 T9 U2 U3 U1 U7 U8 PL M1

o]

5. Click the Edit IBIS button.
The Pin Editor: DO/ DRAM window opens.
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6.

9.

Pin Editor : DO / DRANM
Component : -
Fin Linkage Pulldown Pullup GHD Clamp Pawer Clamp Signal name Mods! Palatiy Stimulus
[ il
Filker Package Model 1 {2) Mone Pin RLC Package Model :
Set On Die Subcircuits...
QK Cancel
Pin Editor : DO/ DRAM
Dijdacument update) SPDGEN|cass|SODIMM_R adiatian|TBISidram. ibs Component : [ dyam -
Pin Linkage Pulldown Pullup GND Clamp Power Clamp Signal name Madel Polarity SHmulus -
4+ H1 1 Node103031HL::YDLNC Paowerl NC Powierl WDD Powier Mon-Inwerting
+ H3 i3 Node107831H3::GNLGround1 MC Ground1 M GND Gnd Mon-Inwerting
+ H7 7 Node1077811H7::GMLGround 1 MC Groundl MNC GMND Gnd Mon-Inwerting
E 8 Node1016!1H; Powerl Groundl Powerl DOSOR- DGQ5_34_1333 11 DCMan-Inverting 1
4 H9 19 Node100131HS: Paowerl NC Powierl ¥DD Powier Mon-Inwerting |
01 1 Powerl Ground! Powerl D3R DQ_34_1333 11 DQ Mon-Inverting
+ 32 2 NC Groundl NC GND Gnd Mon-Inwerting
x:ob_ 7 7 Node10441117:0050 Ground 1 Powerl Groundl Powierl DQSOR+ DQS_34_1333 i1 DCMan-Inwerting
L 18 ] Node1077511]1 MD Ground 1 MC Groundl MNC GMND Gnd Mon-Inwerting B
R 19 Node31441179::DQ0R Ground 1 Powerl Ground! Powerl DOQOR DQ_34_1333 11 DQ Mon-Inverting
4 K1 1 Node10325!IK1::¥DDNC Paowerl NC Powierl WDD Powier Mon-Inwerting
Y k2 2 Model17211K2::DQ6FGround 1 Powerl Groundl Powerl DOBR DG_34_1333 11 DG Man-Inverting
- K3 3 Mode10009! 1K3::WDDMNC Powerl NC Powierl voD Powier Mon-Inwerting
4 K7 7 Node10025!IK7::¥DDNC Paowerl NC Powierl ¥DD Powier Mon-Inwerting
KB ) ModeZ706!1K8::DQ1FGround1 Powerl Ground! Powerl DQIR DQ_34_1333 11 DQ Mon-Inverting
4 K3 9 Model10016!1K3::WDDNC Powerl MNC Poterl woDr Potwer Mon-Inwerting
o1 L1 Nodel 15111 :DO7R Ground1 Powerl Groundl Povwer 1 DO7R DO 34 1333 1 DO Mon-Inwerting
4] I | [
Filker Package Madel: (¢} Mone Pin RLC Package Model :
Set On Die Subdircuits. ..
o9 Cancel
Select signals DQOR~DQ7R, DQSOR+, and DQSOR-.
Pin Editor © DO/ DRA&M_DO
IBIS\dram.ibs Companent ;[ geam -
Pulldown Pullup GHD Clamp Power Clamp | £ Signal name Model Polarity Stimulus Enable Sgn Man Pa
RGroundi Power 1 Ground1 Powerl DQOR Mon-Inwverting
FGroundl Power 1 Ground1 Powerl DQIR Mon-Inwverting
RGroundt Powerl Groundl Powerl DQ2R Mon-Inverting
RGroundt Powerl Groundl Powerl DQ3R Mon-Inverting L |
RGroundl Fowerl Groundl Powierl D4R Mon-Inverting 3
RGroundi Power 1 Ground1 Powerl DOSR Mon-Inwverting
iFGroundt Fower 1 Ground1 Powerl DOBR Mon-Inverting
RGroundt Powerl Groundl Powerl DQ7R Mon-Inverting
0Groundt Paowerl Groundl Powerl DQS0R+ Mon-Inverting o

IrGround! Ground1 Non-Inverting

Select Input in the column of Enable.

ICGround1 Ground1 GO Gnd Mon-Inverting
HIGround1 Ground1 GO Gnd Mon-Inverting
DGroundl Ground1 GO Gnd Mon-Treverting
CGroundl Ground1 GO Gnd Mon-Treverting
D Ground1 Ground1 GO Gnd Mon-Tnverting
D Ground1 GrUqul GO Gnd Mon-Inverting
1l
Filter Package Model : +) Mone Pin RLC Package Model : IModel Selector :

Set On Die Subdircuits. ..

OF Cancel
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10.

Pin Editaor : DO/ DRAM

Dridocument updatelSPDGEN) case\SODIMM_Radiation|I815\dram.ibs

Componertt : | g,

Set On Die Subcircuits...

Fulldawn Pullup GND Clamp Power Clamp | ¢ Signal name HMode| Polarity Stimulus Enable Sgn Man Puir Mo
; ; T o
Fower 1 Groundi Fowerl DGIR DQ_34_1333 12 DO Kon-Invarting [m] [m]
ound1 Pawerl Groundi Pawerl DGR DQ_34_1333 :: DQ Non-Inverting [m} [m}
ound1 Powerl Ground1 Powerl DQ3R DQ_34_1333 :: DQ Non-Inverting [m} [m} | |
ound1 Powerl Ground1 Powerl D4R DQ_34_1333 :: DQ Non-Inverting [m} [m} |
oundi Fowerl Groundi Fowerl DGSR DQ_34_1333 11 DO Kon-Invarting [m] [m]
oundi Fowerl Groundi Fowerl DGER DQ_34_1333 11 DO Kon-Invarting [m] [m]
ound1 Powerl Ground1 Powerl DO7R DQ_34_1333 :: DQ Non-Inverting [m} [m}
ound1 Powerl Ground1 Powerl DOSOR+ DQS_34_1333 :: DCNon-Inverting [m} [m} 5N
oundl Powerl Groundl Powerl DQSOR- DQS_34_1333 :: DCNon-Inverting [m} [m}
oundi [l Ground1 [l GMD Gnd Hon-Tnverting
oundt HC Ground1 HC GMD Gnd Hon-Inverting
oundt HC Ground1 HC GND Gnd Hon-Inverting
oundi HC Ground1 HC GND Gnd Hon-Inverting
oundi [l Ground1 [l GMD Gnd Hon-Tnverting
oundi [l Ground1 [l GMD Gnd Hon-Tnverting
oundt HC Ground1 I HC GMD Gnd Hon-Inverting
il
Filter Package Model : (=) Mons Fin RLC Package Model : Enable Signals : | Input -
Set On Die Subcircuits. ..
oK Cancel
Check Pwr Mon.
-
Pin Editor : DO/ DRAM_DO
EIS\dram ibs Component ! | gram -
DN Pullup GND Clamp Power Clamp Signal name: £ Model Polarity Stimulus Enable Sgn Mon Puar Mon
Powerl Groundl Powerl DQOR. Do 34 13331 DQ Mon-Inverting Input D
Pawerl Groundl Pawerl DOLR D54 1333 1 DO Mon-Inverting Input m]
Powerl Ground1 Powerl DR DQ_34_1333 11 DQ Hon-Inverting Input O
Powerl Groundl Powerl DQ3R DQ_34_1333 1 DQ Mon-Inverting Input D ] |
Powerl Groundl Powerl DR, Do 34 13331 DQ Mon-Inverting Input D |
Pawerl Groundl Pawerl DOSR D54 1333 1 DO Mon-Inverting Input m]
Powerl Ground1 Powerl DOQER DQ_34_1333 11 DQ Hon-Inverting Input O
Powerl Groundl Powerl DR, D _34_1333 1 DO Mon-Inverting Input D
Powerl Groundl Powerl DQSOR+ DQ_34_1333 1 DQ Mon-Inverting Input D B
Powerl Groundl Powerl DQSOR- Do 34 13331 DQ Mon-Inverting Input D
HC Ground1 HC GMD) Gnd Hon-Inverting
NC Groundl NC GND and Mon-Inverting
NC Groundl NC GND and Mon-Inverting
MC Groundl MC GND Gnd Man-Inverting
NC Groundl NC GMD Gnd Mon-Inverting
HC Ground1 HC GMD) Gnd Hon-Inverting
NC Groundl NC ‘ GHD Gnd Non-Inverting
il
Filter Package Model @ =) Mane PinRLC Package Model @

Set On Die Subeircuits. .,

Ok

Cancel

Ok Cancel
After all the settings, the green signs appear ahead of the selected signals.
[oin Editor - Do ¢ DRAM
D:idocument update|SPOGEMcase|\SODIMM_Radiation IBIS|dram ibs Companent | geam -
Pin Linkage Pulldown Pullup GHD Clamp Power Clamp | 4 Signal name Model Polarity Stimulus
] Mode31441139::DQ0R Ground L Powerl Ground1 Powerl DQOR DQ_34_1333 1 DQ Mon-Inverting 1
=] Node2706! K8 DQ1FGroundl Powerl Groundl Powerl DR DQ_34_1333 & DQ Non-Inverting 1
L7 Mode237111L Powerl Groundl Powerl DQ2R. DQ_34_1333 1 DQ Mon-Inverting 1
1 I <==> Hode2070113 Powerl Groundi Pawerl DC3R D0_34_1333 :: DY Mon-Inverting il |
L9 Mode 16421 1L Powerl Groundl Powerl D4R, DQ_34_1333 & DQ Non-Inverting 1|3
L3 Mode129911L3::DQSR Groundl Powerl Groundl Powerl DQSR. DQ_34_1333 1 DQ Mon-Inverting 1
K2 Mode!17211K2:: DOERGroundl Powerl Groundi Powerl DOER DO_34_1333 1 DQ Mon-Inverting 1
Powerl Groundl Powerl DR, DQ_34_1333 & DQ Non-Inverting 1
Powerl Groundl Powerl DQSOR+ DQ5_34_1333 i: DCNon-Inverting |
N : : " : i
n N Ground1 N GHND Mon-Inverting
<+ NC Groundl MC GO Mon-Inverting
+ M3 > Model074911M3: GNIGroundL NC Groundl NC GND MNon-Inverting
L 38 Mode 107751118 :GHD Ground1 NC Groundl NC GMD Mon-Inverting
L T9 Node1094211T9::GNC Groundl MC Groundl MC GND Nan-Inverting
+ L8 L& £==> Model0766!ILE::GND Groundl NC Groundl NC GND MNon-Inverting
L | 1z M3z Mode107611112::GHD Groundi MC Groundi MC GMD Non-Inverting
Il
Filter Package Model :  (*) fome Pin RLC Package Madel :
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11. Click O

K.

12. Repeat Step 2 to 11 to define the file dram.ibs for D8 and set parameters as the following:
Model: DQ_34_ODT60_1333

Enable: Input

Pin Editor : DE / DRAM

0:401 work recardsi03 Feature doch14968 EMC-EMI Tutarial\original case\EMC _origna casehIBISidrann.ibs D Component : ‘dram | vl
Pulldown Pullup GHD Clamp Power Clamp Signal name Madel Polarity Sti... | 4 Enable Sgn Mon Pur Mon
oundl Powerl Ground1 Powerl DQOR. DQ_34_0DT60_1333 11 DQ  Mon-Inverting Input D D
oundl Powerl Groundl Powerl DQIR DQ_34_0DT60_1333 1: DQ  Mon-Inverting Input
oundl Powerl Groundl Powerl DO2R DQ_34_0DT60_1333 11 DQ  Mon-Inverting Input D D
aund1 Powsrl Ground1 Powsrl DQIR DQ_34_ODTA0_1333 11 DQ  Mon-Invarting Input O ] ) |
ound1 Powerl Ground1 Powerl D4R DQ_34_ODTB0_1333 :: DY Mon-ITnverting Tnput [m] a |
ound1 Powerl Ground1 Powerl DSk D_34_ODTA0_1333 :: DY Mon-Inverting Input [m} [m}
ound1 Powerl Ground! Pawerl DOBR DO_34_ODTED_1333 1: DO Mon-Inverting Input m] m]
ound1 Pawerl Groundt Pawerl DO7R DQ_34_ODTE0_1333 :: DQ  Mon-Inverking Input m] m]
oundl Powerl Groundl Powerl DQSOR+ DQ_34_ODT&0_1333 11 DQ  Mon-Inwerting Input O a
oundl Powerl Groundl Powerl DQS0R. DQ_34_0ODT&0_1333 11 DQ  Mon-Inwerting Input D D
oundl NC Groundl NC GND Gnd MNan-Inverting
oundl MC Ground1 NC GND Gnd Mon-Irwverting
oundl MC Groundl NC GND Gnd Mon-Inverting
ound1 MC Groundl MNC GND Gnd Mon-Inwverting
ound1 MC Ground1 MNC GND Gnd Mon-Inwverting
ound1 MC Ground1 MNC GND Gnd Mon-Inverting
ound1 MC Ground1 | HC GND Gnd Mon-Inverting
Il

Package Model:  ®INone (OFRinRLC  (Package Madel :

Set On Dig Subircuits. .,

3.3.3 Setting Up VRM
1. Choose Setup > Circuit/Linkage Manager....

2. SelectV _source.

_Ssource

" Pkt Mame Fiade Mame
E 1r4 & PROBE_
[l 1rs & PROBE_
E s @ PROBE_
[l 1r7 & PROBE_
E 1= @ PROBE_
[l Tra & PROBE_
A 110 @ PROBE_
El Tri1 & PROBE_
A iz @ PROBE_
[El 1riz @ PROBE_
A 114 &P PROBE.

tiew || Del | Edi |[Load | |Fiter |||

3. Click the Edit button.
The Edit Definition window opens.

4. Input the definition as below.

Name: V_source
External Nodes: 1 2
Definition: Vdd 21 1.5
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-
Edit Definitian

Definition Type Partial Circuit Type
) Partial Circuit 2} SpeedsP HSPICE
Local Parameters :

Glohal Parameter
Mame @ |W_source

Name Valug
External Modes: |1 2
Definition : M Edit Delets
fAodel File
Wddz 1 1.5
Type: =
File Mame :

Camponent Mames:

HeaderFooter Info : v Read-Cnily

+ Exthlode=12

Footer ‘7|

Ok Cancel

5. Click OK.
V_Source is added as shown below.

Generating Mesh

This section describes how to set the mesh for the FDTD plane solver process. The mesh can be
auto-generated following the instructions below.

1. Click Generate Mesh in the Workflow pane.
The Mesh window opens.
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3.5

3.6

tesh

Change ko Default
Mesh_% &4 &0
Mesh ¥ |37 60

Automatically Generate Mesh

Package Mame:  $Package

oK Cancel

2. Click the Automatically Generate Mesh button.
3. Click OK.

Assigning Simulation Time
This section describes how to set the simulation time to the desired span.
1. Click Assign Simulation Time in the Workflow pane.

The Transient window opens.

Transient
Timne: io] EE
Timesteps: |2758 Time_Interval: |10

[_]Enable ideal power-ground mode
Time skep: P=

[v] Enable plane skin effect

[¥] Enable transmission line metal loss

[¥|Enable dielectric loss and dispersion

0Ok Cancel

Input simulation time: 10ns.

Check Enable plane skin effect, Enable transimission line metal loss, and Enable
dielectric loss and dispersion.

Enable initial DC analysis is automatically checked.
4.  Click OK.

Radiation

This section describes how to use SPEED2000 to save the data needed to do radiation post-
processing. SPEED2000 allows you to do wideband radiation post-processing. However, for most
practical purposes, it is only optional to generate radiation results up to a few GHz. It is necessary
to set a max frequency in order to reduce the storage space needed for the post-processing.

1. Click Radiation in the Workflow pane.
The SPEED GENERATOR dialog box opens.

SPEED GEMERATOR

9 Would you like ta set the masximum frequency For radiation calculation?
- ] Moke: Setting the maximum fregquency For radiation calculation can help
' ta reduce the size of radiation data file, Default it is 3GHz.

Yes Mo
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2.

3.

4.

Click Yes.

The Options > Simulation (Basic) > Radiation window opens.

Options

File
General
File Manager
Save Options
Hotkeys
Layout
Grid and Unit
View
Processing
Trace
Error Checking
3D Layout View
Display
Quality
Simulation {Basic)
General
Special Yoid
Radiation |
Report

Electric Models
Figld Sokver
Reference Handling
Shape Cptions
Devire Madel
Temperature
External Solver
Special Handling

Simulation (Advanced) (.

@

®

5
&3 Change the 'Radiation’ options in SPEED GENERATOR

IF you want ko observe the near Field ar Far field radiation, select Setup-=Simulation Yiew- =Radistion in the menu so
that the simulation results will be saved For the radiating struckures,

v The maximum Frequency For radiation caloulation

Mote: Setting the maximum frequency For radiation calculation can help ta
reduce the size of radiation data file.

| Default | | Apply | | [o]4 I ‘ Cancel |

Change the maximum frequency for radiation calculation from 3GHz to 8GHz.

-
Options

File
General
File Manager
Save Cptions
Hatkeys
Layout
Grid and Unit
View
Processing
Trace
Errat Checking
3D Layout View
Display
Quality
Simulation {Basic)
General
Special Yoid

Report

Electric Models
Figld Solver
Reference Handling
shape Options
Device Model
Temperature
External Solver
Special Handling

®

®

O]

Simulation {Advanced)

5
&) Change the 'Radiation’ options in SPEED GENERATOR

IF wou want ko observe the near Field of Far Field radiation, select Setup->Simulation View- >Radiation in the menu so
that the simulation resulks will be saved For the radiating struckures.

The maximum Frequency For radiation calculation

Moke: Setting the maximum frequency For radiation calculation can help to
redure the size: of radiation data file.

Click OK.

Default | | Apply | | (s34 I ‘ Cancel
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Checking Monitor Component Voltage

In the monitor component voltage, you can set monitor points to control the voltages that you want
to measure.

You can only add probes on components that are enabled. So if you want to probe at unplaced
device pins, you need to add the device model or place a large resistance across the probe points.
The probe points can be used to check the conducted emissions.

1.  Click Monitor Component Voltage in the Workflow pane,
or
Choose Setup > Simulation View > Ckt Voltage....

Tools  ‘Window  Help
Mesh... e Ok
Transient. ..
H Simulation Yiew CkE: Yoltage. ..
| Macro... Pkg Yoltage. ..
- . Current...
Cutting Boundary L4
= Distribution. ..
CircuitfLinkage Manager ...
= Radiation (&.00GHz)
Met Manager. ..
; Delete Ilegal Observation Lines
al Sweep Manager, ..

[~ o

The Circuit Voltage View window opens.

Circuit Woltage Wiew

C Color:
Circuits/Sub Circuits Circuit Mode/SubCkk Mode (LrE e
e green |v|
i 4 Curve_Mame:
gy
gl
7 C10
Y c13 Show Enabled Circuits
t Cl4 & Left mouss click
\ 16 & Right mouse click
Z19
: =21 wjck: Find
) Egg (%) In circuit tree
, (1 node lisk
24
o C25
) Cz8 -
 caz
=it R
D0.%_SpeedXP_auto_DRAM_DO_dram.Power 1 <=====>:D0.%_Speed=P_auto_DRAM_DO_dram.Ground
11,4 _SpeedP_auto_CTRL_DDR3_i.Powerl <=====2=11,%_SpeedsP_auta_CTRL_DDR3_i.Ground
I oK |

i Cancel

J1 and DO Pwr Mon are checked, so the two items appear in Circuit Voltage
NOTE! View.

2. Add simulation view for J1.
a.  Click J1 in the Circuits/Sub Circuits column.
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b. Click the Auto button.

r =
Circuit Woltage Wiew »
C Color:
Circuits/Sub Circuits Cirewit Nade/Subk: Hode e SR

79 1 VREF |darkred | h |
& cao 2 LGND = | curve_name:
51 3 nGND | |
83 4 Do
54 "
86 : ::DQD Show Enabled Circuits

6 D05
a9 7 oo & Left mouse click
;31 g naEnD 2 Right mouse click
E
D8 9 nGhD
10 ::DMO uick. Find
RAl 11 nDGQs50- (= In circuit tres

A O In node list

RAZ 12 1GND
¥_source 15 nGND

N # p=====011%.% Auko

D0, %_SpeedyP_auto_DRAM_DO_dram.Power] <
% _SpeedxP_auto CTRL_DDR3_j,Power] <=

==3D00.%_SpeedsP_auto_DRAM_DO_dram.Ground
==7>]1,7_SpeedxP_auto_CTRL_DDR3 i Ground

| ok |
[ il | Cancel

The J1 circuit node is added automatically as below.

- ~
Circuit Woltage Wiew ®
N - S Curve_Colar:
Circuits/Sub Circuits Circuit Mode/SubCkk Mode
79 1 iWREF (green -]
a0 2 vEND E Cupye_Marne:
[w:3) 3 nGEND | |
-] 4 D4
) E:; 2 Egg Show Enabled Circuits
a9 7 Dot & Left mouse click
91 28 GND 2 Right mouse click
bo 9 nGhD
D& 10 Dm0 uick Find
& 11 11 ::DOS0- (%) In circuit tree
RalL 17 GMD () In node lisk
¢ RAZ b
RALE g o [ ]
RazZ0 14 nDe .
Y_solrce 13 nGND

I # #o======]1%.#
D0.%_SpesddP_auto =D0.%_Speed<P_auto_DRAM_DO_dram, Gron
J1.11. %
J1. 130

J.14.8:
J1.16.#:
J1.17. %0
J1.19. 4

Cancel

3. Add simulation view for DO.
a. Click DO in the Circuits/Sub Circuits column.
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4.
5.

b. Click the Auto button.

Circuit Voltage Wiew

CircuitsiSub Circuits Circuit Mode/SubCkt Node
H1 ovDD
Hz :Unnamed Mekis)
H3  nGhD =
H7  iGND
HE :DOSOR-
H9  :¥DD
N uDQER
J2 niEhD
153 ::DMOR
17 nDQSOR+
18 nGHD
19 nDQOR
K1 ovDD
Kz ::DOQGR
K3 ovDD
D0 # #======2D0.%.%
=>=11.144, #1:GND
>11.161.#0GND
11,171 #0GND
>31.190,#:GND
=>11.40.%:GND
11,53, #GND =
=>]1.60. % GND
R H ==>11.71.%:GND
J1.%_SpeedsP_auto_CTRL_DDR3_i,Powerl s=====13=11.%_Speed®P_auto_CTRL_DDR3_i.Ground
[ il |

x
Curve_Colar:
e [+]
Cubye_Marme:

I

Show Enabled Circuits

& Left mouse click
=] Right mouse click.

wick: Find

) In circuit tres
O In nods list

Auta

Cancel

The DO circuit node is added automatically as below.

Circuit Woltage Wiew

CircuitsfSub Circuits Circuit Mode/SubCkk Mode
AT H1 VDD
75 HZ  ::Unnamed Met(s)
79 H3 GND =
can H7  iGHD
w81 HE  ::DGSOR-
a3 HI VDD
a4 i 4DQ3R
E:g J2 nGhD
cay 15 :DMOR
&2 oo 17 nDQSOR+
] 13 uGhD
1 19 :DOOR
RAL Ki  oNDD
RAZ K2 nDQeR
RA1E K3 n¥DD
L1, =>D0.L2, #::GHD [«]
Do.L3. % DQ5R <= >D0.Lz.#:0GND
Do.L7, %0 DQER <= >D0.LE.#:0GND
Do.L9. % >D0.LE.#0GND
D0, %_SpeedxP_auto_DRAM_DO_dram.Power] <=====>2D0.x_SpeedxP_auto_DRAM_DO_dram.Grol
J1.11.# =11.12.%0GND
J1.135.%0 =>11,132, % 1GND
114,80 B
Jl 6.0
J1.17.#0 0 ot:788 E
[ il |

»

Curve_Color:

aom 1]

Curve_Mame:

[ ]

Shaw Enabled Circuits

& Left mouse click
= Right mouse click,

uick. Find

@) I circuit bree
) In node list

(Optional) Follow Step 2 and 3 to add other observations you need.
Check all the observed nodes and click OK.
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4 Saving Files and Running Simulation

4.1 Saving File with Error Check

1.  Click Save File with Error Check in the Workflow pane.
The SPEED GENERATOR File Saving Options window opens.

SPEED GEMERATOR File Saving...

Shape Processing

Error Checking
] skip Warrings in Error Log File
] pelete Ilegal Observation Lines

| oK | | Cancel

2. Click OK.

4.2 Running Simulation
1. Click Start simulation in the Workflow pane.
The Run SPDSIM window opens.

Fun SPDSIM

® Load into SPDSIM and simulation

Pause 3D displays For maximunn efficiency

O Load inka SPDSIM anly

| oK I | Cancel |

2. Click OK.
SPEED Simulator starts to simulate. A green bar appears to show the progress of simulation.

Running. ..
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5 Viewing Results

5.1 Viewing Time Domain Result
After the simulation, the 2D curves show the time domain result.

@EPEED2000 Simulator - SoliMb_Radiation.spd - [20 Corves (Time Variation) ] N
T B Yew Took Optors Wndw  teb ==
SRE JraB® B _
e B I AP D DN e v (RS
| Present Curves:

= Fl voltage Voltage iafi
B 00 100808 DO (V1 ) ltage (v} SoDIMM_Radiation spd
I £0.20:D03R ~ DO.JZ:GND ( ¥2 ) . , ; _ . ; ; .
I 00 37 D08 - D030 GND (Y3 ) 1 T L - - B T

Do,

™

[=] 00.12::Dage - : ya /\\ o /:\ Iy N A f ANV AN fi“‘\ FANTAY

Hﬂ i 14
=] - L8:
I 00.L%::DCHR - DOLLE: GNE { V10 )
B vo.[ Jrowent ~ 00 Jarounds (Vi1 )
12

IFDGY o 2. TIEND (VIS )

A 31.10::0050- = JLAZ:GHD L V1B )
[ = EREE e R E = T E
R 21140008~ 11 14400M0 (V13 ) ' I I
B 2018007 ~ D0 161:0N0 ( V19 }
B 2170z = 00171600 (V20 )
I 019003 v 0 190:20M0 (V21 )
I 211 JPower] = JL[ | Ground { ¥22 )

=)

(=] &2
e

=)

08
1
| Losded Curves
fddmmmmmmae
02 i
0 1 4 3 4 7 g 9
Tume (ns)
¥l v ¥13 s
—_—¥ e ¥i4 Yo
¥ il Y15 vzl
Ve vio Y16 vz
3 vl ir
¥ iz 1o

5.2 Viewing Radiation Result

After the simulation, the Radiation window appears to show the result.
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-
S Radiation 0 x

Setup | —

File Mame: |

Mame
=[O Tace E
= O obao

O Traceioss4:poo

O Traceioass:pgo

O Tracetosse:poo
=2 O ooor
Traceza82::0Q0R.
Trace2803: :DQOR.
Trace2a84::DQ0R
Trace2685::DQ0R.
Trace2886::DQ0R
Trace2887::0Q0R
Trace288s: :DQOR.
Traceza89::0Q0R.
Trace2g30::DQ0R.
Trace2a31::DQ0R.
Trace28521:DQ0R.
Trace2835::DQ0R
Trace2834::0Q0R
Trace2895: :DQOR.
Traceza96::0Q0R.
Dal
Trace10348::0Q1
Trace10349:00Q1
Trace10350::0Q1
DQIR
Trace2485::DQIR

Trace2466::DQ1R
T A2 TmAn

Click the Setup tab.
Select all traces and edges in this tutorial to observe the radiation.

=0

=20

100 OO0 O00000000000000

S Radiation

Setup | |

File: Mame: |

| Comparison <= | |Apply| |Br0wse|

Marme

5] Trace

=] Edge
Patch$GND1_PatchgIni
Patch$IM1_Patch$INz
Patch$INZ_PatchévDD
Patch$vDD_Patch$INg
Patch$ING_PatchganDz

HEEEE

3. Click the Apply button to refresh the result including the FCC, Pattern and Near-Field
results.

You can select any one or more traces, wirebonds, leads and edges, and click
NOTE! the Apply button to observe the radiation.

5.2.1 FCC Result
1. Click the FCC tab.
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FCC

|Fi><ed observation paint | - |

Caonsider ground plane reflection
—Device & Antenna Positions—|

Horizontal Distance i
Antenna Height: il
Device Height I:l ]
Rotation Angle El:legree

—Field Components—————————

[WIE Wvertical WIE Horizonkal
In comparison with
Class & Class B

| Cuskor Class... |

—Signal
Signal Type ¢ | Non-Periodical n

@ilogscale  Ohlinear Scale

Mumber of Freg Points

Frequency Range [MHz]
From20 | To: [to00 |

—amplitude Range[dBuym]

Frnrn:|D | Ta: |6EI |

Inkerval El

| Auto Scale |

| Properties | | Apply |

| Save Displayed Data |

2.  Define the parameters for FCC.
a.  Define the box size: Antenna Height and Rotation Angle.

—Device & Antenna F'u:usﬂ:u:uns
Horizontal Diskance

Antenna Height:

Device Height

Rotation Angle egree

E

b. Define Field Components.
—Field Components

[wlE wertical [W]E Horizonkal
In comparison with
Class A Class B

| Custom Class, . |

You can

. Select E Vertical or E Horizontal to view the result
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o  Define class by clicking the Custom Class... button

c.  Define Signal Type.
«  Signal Type: Periodical

L 1
—Signal
Signal Type ¢ | Mon-Periodical | =

) Log Scale Mon-Periodical

Periodical

e Period[ns]: 6

—Signal

sone e Pl |+
Period [ns]: l:l

Harmonics

From:|:| To: l:l

3. Click the Apply button.
The FCC result shows.

EBSPEED2000 Simulator - SoDIkM_Radiation.spd - [Radiation]

5 Fle View Options MWindow Help

B E ks BEBAD

Fcc |

fived observation paint [~

Cansider graund plane reflection

dBuVfm

[ Device & Antenna Pasitions——| 60.0

JU——— "
Device Height l:l m 54.0
Ratation Angle Eldegvaa

~Field Companerts
WIE Vertical  []E Horizontal 48.0
In comparison with

Class & Class B

Custom Class... 42.0
~Signal

S e e |+

36.0
Period [ns]: D
Harmonics :
ponit [ rols | T
—Ampiituds Range[dBuv/m] |
Interval D 240

Auto Scale

Save Displayed Data

6.0

0.0

166.7

O

3333

-

500.0

666.7

833.3 1000.0MHz

4. Define Amplitude Range, or click the Auto Scale button to fit the result.

—amplitude Range[dEusm]——
Fru:um:|EI | To: |E|III |
Interyval D
| Auko Scale |
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5.2.2

The result becomes fit as below.

0 Simukator - SoDiMM_Radiation. spd - [Radiation]

@ereenao
B He Wew  Osthrs  Window  Meb
GRE Jra BB EBEO
| oo

frved cbservation port I

] Consder ground plane reflection

Device B Anbenna Poskions:

Herzonkal Distance |3 m

| Arkeria Hesghts * m

Dervicn Height: 1 m

| mtation &ngin 0 degres

BIE verted  BAE Horzontsl

In compartson with

Fossn  Mdese

Custoem Class....

~Swral

[ S0nal Tvos ¢ | Paricdical

Pericd [ s

Hermorics ©

From:{1

To: &

Amplte Rare{dEuifn]-

From:{-20

To: S0

Trdeevsd 0

Pattern Result

1. Click the Pattern tab.

=

216

20.0

140

Jli‘ll

. [Epv . [EIn
5. (Optional) Move the pointer to the FCC to view the data.
6. (Optional) Click Save Displayed Data to save the displayed data.

8333 1000.0MHz

July 2013

34

Product Version 16.6



Pattern |

—Field Component

E_theta E_phi
—Angle

@Ficphi O Fix theta

phi Fixed at : E';graeﬁ% )
—Signal

Signal Type : Mon-Periodical | =
i |

—amplitude Range[dBuy m]

From:|l3 | To: |6E| |

Inkerval IZI

| Auto Scale |

O Peak value Y RMS Yalue

%) Phasor Yalue

| Properties | | Apply |

2.  Define the parameters for Pattern.

a. Define the Radius value and the distance of Ground plane.

NOTE! If you enable the ground plane, there will be a ground plane in the Z-axis.

b.  Define the pattern form.
e Angle: Fix theta
e theta fixed at: 0 degree

Angle
¥ Fix phi {*} Fix theta

' degree
theta fixed ak |0 (090

c.  Define Signal Type.
e  Signal Type: Periodical
e Period[ns]: 1.5
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3.

—3ignal
Signal Type |F'eriu:u:|iu:al -
Petind[ns) 1.5
Harmonic Mo, ;|1
G667 MHz
Click the Apply button.
The pattern result shows.
@BGPEELZ000 Simulatar - SoDiMM_Radiation.spd - [Radiation]
H orle Vew Optors  Window el
] SRE UrkaBm B
|  Pattem |
Fendirs [« o
. dBuim
] rewre plare |1 " -
Field Component
e theta Fe ok
gﬁm. + Fix et Ll
theta fixed & 0 m
st 6.0
SoiTypa:  [Perickcal  |x) &
Peidis] (1S 150
Hamon: . ;L vl /
R T
S s B— {
Fruu:i.o Tus 60 120 I,I'
Iksrval 0 "
m“’* wno TEn \ /
O Peak vl S Vsl l'-,_
{3 Fhvasar Voo & )
== !
Save Disglaved Dot
740
210
36.0
a0
BiLE
A E_thela

120

240

A E_phi

90

270

130

300

Define the Amplitude Range, or click the Auto Scale button to fit the result.
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Fia  View Oplies  Window  Heb LEix
[EBE >4 B®BO
Pattarn
ks
i : n B
[l Ground plane 11
: 5.0 »,
Fleld Companant
IE_thetn e 120 60
ange i il
OFaph  EFxiheta i
theea fuad e 0 v 35
fo S,
= i s
30 . / \
gl Types ¢ Pevisdcal - f LY
150 { \ \ o
Perindns] 15 / I| A
rmarscho: = [1 36.0 : \ \
G5, Th i II'- .i |
el Riarge{ dBein] .' “-._ | T - 'I
e Tl 33.0 | N s *
trkereal 0 | . :'I /
dugn Senle a0 100 o o 0 phi
1 P Vo CIRMS ¥alue // ‘] \___ =
120 1. { \
[Ae— gy - ! \,
Sarvie Cispivyend Dk | \\
3.0 \ | |
2 \ / 30
390 /
N ,’
Mg i
az.0 s
240 o —————— 00
250 *it
A E_theta E_phi

5. (Optional) Move the pointer to the pattern to view the data.
6. (Optional) Click the Save Displayed Data button to save the display data.

5.23 Near-Field Result
1. Click the Near-Field tab.
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2.

3.

Mear-Field |

—Tear-Field

Space Z:

i 0.76a001mm
di: 0. 390000mm
dz: 1.177796mm

Murmber of Sampling Points:

Mt |1uu |N\,: |1nn |

r—{Calculation

Frequency

O

Periodical | |Non—PeriodicaI

| Calculate | | Cancel |

Define the parameters for Near-Field.

a.

b.

Set the Near-Field space.
e  Space X:5mm
e  Space Y:5mm
e  Space Z: 5mm

Define the number of sampling points.

. Nx: 100
e Ny:100
. Nz : 10

Define calculation.

a.

Click the Periodical button.

The Add Frequency Dialog window opens.
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rﬁldd Frequency Dialog

Signal & Samping

Period[ns]

Starting harmonic |1 |

Ending harmonic |1I3 |

[10 |

‘ Prewiew || (a4 || Cancel ‘

b.  Setthe following parameters:

e Period[ns]: 1.5

e  Starting harmonic: 1

« Ending harmonic: 10
c.  Click the Preview button.

The frequencies show in the left field.

Signal & Samping

Be6, 7 MHz
1,333 5Hz
£ GHz

2,667 5Hz
3,333 GHz
4 GHz

4,667 GHz
9.333 5Hz
& GHz

f.667F GHz

r»'-‘u:lu:l Frequency Dialog

Periad[ns] | 1.5

Skarting harmonic | 1

Ending harmanic | 10

Presigw | Ik | | Cancel

d. Click OK.

The frequency shows in the Calculation column.

4.  Select three frequency points, and click the Calculate button.
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Calculation (Period = 1.5ns)

Frequency Harmonic

666.7 MHz

1.333 GHz

2 GHz

[] 2.667 GHz

[ 3.333 GH=

[] 4 aHz

[] 4.667 GHz

[ 5.333 GH=z

[ 6 GHz

[] 6.667 GHz

I:l | B

L= T B = L I s

=
=

Periodical Mon-Periodical

Calculate Cancel

A green bar appears showing the progress of calculation.
5 x|
Mear-field Transformation 200 MHz

B |

Cancel

After the calculation, the near-field result shows.

5 He vew Ogiiors  Window  Melp - %
SBE Pk E® @
Mear-¥ield

Pumber of Sampling P
164 100 KY: 100 WZ: 10

Froquency | e6h.7 M (1 Ham) | v

Pk Componen i

D Onreld
ErEeen ot OEtoy
Okx Ey OR
Sarfaces
#Tep Front  Her
Flectiom  [FBac Rt
Dpadty
S
Arrphtude
M (3 74 L
v m
0 Lo Soake
g Budes Soale
Pk Valus RMS Vol

5. (Optional) You can change the Frequency, Field components, Surfaces and Amplitude to
observe the related results.
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6. (Optional) Move the pointer to the field to view the data.
7. (Optional) Click the Save Near Field Data ... button to save the data.
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