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ADS: SIPro and PIPro
A Cohesive Workflow for Sl and Pl Analyses

Layout Import into ADS Transient Convolution
(Direct *.brd Import, Allegro ADFI I:> SIPro / PIPro Analysis i} Channel Sim
or ODB++ flow) DDR Bus Sim
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Increased Productivity for Post-layout Analysis
Seamless flow from EM-analyses back into schematic for both Sl and P!
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SIPro
Simulation Technology Overview
A composite technology of fast FEM + Planar EM
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« Speed and Accuracy

A purely EM-based simulation, capturing more EM
effects than 2D-hybrid solutions

» Sl-specific, net-driven use-model and flow

» Easily plot Transmission, Return loss, Xtalk and
TDR/TDT

« Automatic-schematic generation

EM model flows back to schematic ready for further
simulation with Transient, Channel Sim, DDR Bus Sim
and more

:[|¢ Power-Aware
A ﬁq Signal Integrity
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SIPro
Simulation technology comparison for high-speed digital PCBs

Speed/Capacity
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SIPro: Accuracy
Simulation comparison from Wild River Technology test case

Stripline Beatty Standard
Test Structure
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SIPro: Speed and Accuracy
Xilinx KCU105 FPGA Platform Board

- el A W™
SFP: 8 Gbps, 16Gbhps w 64b/66n encoding

— Example : SFP (Small Form Factor Pluggable) TX channel
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— SIPro finished in 18 min, a fraction of simulation time compared to FEM
* SIPro: 1GB memory, 6 secs per frequency point

 FEM: 8GB memory, 12 mins per point
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(63 GlgaTest Labs

Measurement: Courtesy

SIPro: Accuracy S Gt Lo
DDR4 DQ Channel, Measured vs SIPro

— 28-layer Xilinx UC1650B DDR4 memory characterization board
— DDR4_C2_DQ4 single ended line (cookie cut)
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SIPro: Sl-specific use-model and flow
Layout to results in less than 20 clicks...

File Edit View Tools Helpi B lj x3
: p : Project e
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PlPro
Simulation Technology Overview

PIPro has an efficient net-driven Pl analysis setup with 3 new simulator engines

Speed and Accuracy

Pl-specific net-driven use-model and flow

Change decap values/models without
needing to re-simulate

Automatic-schematic generation

EM model flows back to schematic ready for
further simulation with behavioral and circuit-
level simulations of VRMSs, sinks and more

PI-DC | s(f= > fw - §< | Power Plane
IR Drop P‘ Fﬂ rq R’ P‘ p’ Resonances
SIG PI-AC
KEYSIGHT PDN Impedance
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PIPro: Accuracy
Customer validated test-case, Simulation vs. Measured Data

Bare-Board PDN populated with Decaps
, _ I 10" I T —
10 measurement © measurement 1
PIPro ; PIPro
1
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‘e 199'% 5
= = P>
o, 100 / 5 / o, J V/ Customer used ideal cap values
— f — /. < with no ESR specified, hence
N N = v sharp resonances
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10 / ~ S\ /
f S V
/
102 -2 - -1 - 0 102 -2\ - - -1 - - =0
10 10 10 10 10 10
Frequency [GHZz] Frequency [GHz]
Ideal VRM model.
Test case: Customer did not have IC data.
ATE test card — PDN traverses many layers
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— R SINKs
P | P ro DC I D rOp Mame Source Current VRM Voltage Input Voltage Tolerance Margin Pass/Fail

WCC1W2 FPGA_UGD 0.3 A 1.2% 1.14755 W 5% 0.00755 W pass i
[VCC1V2 FPGA]: Voltage (V) VCC1W2_FPGA_UEL 0.3 A 12V 1.14749 V 5% 0.00749 V pass fi
_ WCC1W2 FPGA UBZ 0.3 A 1.2V 1.14745 W 5% 0.00745 W pass M
_ VCC1V2_FPGA_U63 0.3 A 1.2v 1.14747 v 5% 0.00747 V pass &
1.14 1.15 1.16 1.16 1.17 1.18 1.19 1.19 12 WCC1V2_FPGA_UL 0.8 A 12V 1.1463 ¥ 5% 0.0063 ¥ pass fi
WCC1W2 FPGA_U24 0.4 A 1.2V 1.14094 v 5% 0.00094 V pass M
Sink : U63 WCC1W2 FPGA_U41 0.3 A 1.2V 1.1468T7 V 5% 0.00687 V pass M
WCC1W2 FPGA U442 0.3 A 1.2V 1.14715 W 5% 0.00715 W pass fi
Vdrop=53 mV
VRMs
Name Source Voltage Output Voltage Output Current Tolerance Margin Pass/Fail
~ WCC1IV2 FET SWITCH U4 1.2V L2V -2.99959 A 5% 0,06V pass fi
_ SepaRRIIIIIIRERLLL - -
Sink : U62 = - . .
: . .
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Xilinx KCU105 - VCC1V2 PDN
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PIPro — AC PDN Impedance Analysis

Component Model assignment:
 Lumped
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PIPro — AC PDN Impedance Analysis
Decap Selection in PIPro
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PIPro — AC PDN Impedance Analysis

Decap tuning from schematic
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PIPro — The power of the workflow
Including the DC-DC converter in the Simulation

INPUT

LM20143 DC/DC Buck Regulator

STATE SPACE SYNCHRONOU
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PIPro — Power Plane Resonance Analysis
Self resonances

| 2] PC3-10600-UDIMM (PGS C3-10600 ipiSetup] (SIPro/PIPro Setup) ==
File Edit View Tools Help [ x1
prokct & X | 19 Layout e ©
EOE= View Seometiy
‘ ®

+ [0 Design R [Analysis 8]: Electric Field (dB) want to capture.

> I Nets T -300 -265 -229 -194 -159 -124 -88.3 -53 -17.7
4 € Components Y

» (€] 240UNBUFDDR3_C...
> [€] CAP_2 2pF_25pF...
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& Run Setup ert

4 7 Results
o~ Range [¥] Automatic
ﬂ Electric Field

@ Magnetic Field Min | 1,680622-06 Vjm Excitation: | cigenmode
Current Density
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b Eiseigh i requency:
B Graphs Layerld [Dielectriclayer2 o

4 ites: Groups
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N

m
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Summary
ADS 2016: SIPro / PIPro New Features

« SIPro: Innovative new composite EM technology
« Speed and Accuracy

A cohesive workflow for SI and Pl analyses

Advanced

Software

Hardware

KEYSIGHT
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Power Aware Sl Simulation : Data Signal (DQ0) with and without Power Plane (with Decaps)

v1..DQO, V

LS

p2_SeparatePwrAcSim

DQO, V

E DQO Trans PwrAware A

KEYSIGHT

TECHNOLOGIES

14

/ Power Aware SI| Simulation

L L ey
T~
Bl AN AN AU

Blue Line : Data Signal DQO without Power Plane - with Decaps ( Sl simulation)

Red Line : Data Signal DQOin presence of Power Plane - with Decaps (Power Aware Sl Simulation)
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Power Aware S| Simulation : Data Signal (DQ0) with and without Power Plane (with Decaps)

Only SI Simulation (no Power nets effect) in simulation Power Aware S| Simulation taking Power nets in simulation

1.4

2

c ‘W

8_ é 1.0—

o o

g e}

@ i| 0.8—|

i iy
0.6—

04 T TT | T 1T | T 1T | T 1T | T 1T | T T | T 1T | T T | T 1T 0.4
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
time, psec time, psec
Eye Diagram without taking effect of Power Net Eye Diagram with Power Net ( Power Aware Sl)

Eye is more open
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EMI/ EMC Analysis

Objective
1. EMI Analysis of DDR4 Data Signal

2. EMI Analysis in EMPro using Power Aware waveforms

KEYSIGHT
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EMPro Project Setup for EMI Calculation

EMI_Xilinx_ DDR - EMPro 2014.11 (pegasus) - 280.Alphal (63-bit})

Eile Edit View Tools Help ~ g (B [ 9| H & & ® % [Foo simulation v

Geometny

Geumétry

Create Modify Boolean View

P Project: EMI Xilinx DDR  ~| | . . . . . ® :
1 parts (g5 % 124N~ BO0OBADALBY +BDB - @~ @-|smeom | Seletiedbaia Sgnas,
= ;[:SE_”':U’T::OH . et He%lts nets and Grounds and

B ETCH_04_GND2 ‘Copy to design’ in new
= B ETCH_05_sIG2 Parameters ADS layout
& B8 ETCH_06_GND3 ®
- f# ETCH_07_5IG3 Scripting 1
& % ETCH_08_GND4 i
= f® ETCH_10_PWR2 Libraries Simplify Ground and
% ETCH_14 siGS remove undesired
& DRILL_TOP_BOTTOM shapes and vias
l F substrate

!

=+ <% Circuit Cnmpunents.-'P...

-+ P1 [Port 1]
[+ P3 [Port 2]
-+ P6 [Port 3]
[+ P8 [Port 4]
- 4 External Excitations

Export design from ADS

to EMPro, cross check

ports and perform FDTD
simulation

™ static Voltage Points :
=-(5) Sensors Ll

|

- " Internal Port Sensors
EMI Simulation Run in
EMPro

- [P waveguide Port Sens...
= = Near Field Sensors
-k Surface Sensor

E—}--|~_‘l Far Zone Sensors
" ¥ Far Zone Sensor

|

@ SAR Sensar

EMI Compliance

-~ (3) SAR Averaging Sensor
= [J! Definitions

E Materials

E Circuit Component De...
E| L'E Waveforms

Poh [ Broadband Pulse

- o D

KD

E v ‘ Page




Data Signal DQ5 & DQ7

Port-1

The EMI noises emitted by unintentionally radiated
interference sources ( that may be data line also)
may severely impact the performance of devices,
and thus result in the severe performance

degradation of digital signals.

= ™ Waveforms

[ DDR4_DQ5_Waveform =~ ™

E & Mame: DDR4_DQS5_Waveform Type: User Defined

Import Wawveform Data...

Time Domain

—

Armplitude
(=TSN . R

oo o o

L=}

0.08 0.1 0.12 0.14 0.15 0.18 02
Time {us)

Frequency Domain

Magnitude (dB)
Ll bl
oo o0 o o0

| K254 76 mil, TS e 4L m i}
\ { s i, T i, A T ) 1

| S3E0FT mil, 7352 b wel, dp§ i |

10 15 20 25
Frequency (GHz)

L

ADS DDR4 Power Aware Sl

generated waveform s
imported in EMPro for EMI
Analysis
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Electric bield Strength (dH (uv/m))

i
=
(=)

30

25

20

15

10

-5

-15

-25

30 ¥

EMI Analysis Result

Use imported waveforms for different ports in

EMI Analysis Wizard.

Electric Field Strength v. Frequency

Maximum E Field
Maximum E Fild

0.05 0.1 0.15 0.2

Frequency [GHz)

B2 EMI Emission Calculation

DOR4 DQ7 Waveform -
Frequency domain | Import File, ..

Amplitude Multiplier: | 1

Plot Options

@ E Field for Spedific Location

Maximum E-field over All Locations

Independent Axis: Frequency -

Theta (37): |0 0.0°

4k 4

Phi (73): |0 0.0°

Radial Distance: 1m

Target Graph: Mew Graph -

& Simulation: | 000005: FOTD | Sensor: | Far Zone Sensor -
Available ports:
Port Name Excitation (Voltage) Impedance (Series) Amplitude M

> P1 DOR4_ D5 Waveform (50+0j) chrm 1

2 P3 DDR4_DQT_Waveform (50+0j) chm 1 -
[« | (1)

Port 2 Excitation Port 2 Impedance

® Existing WawveForm
Real: | 50.0 ohm

Imaginary: 0.0 ohm

FFT Sampling timestep: 1/(30*maxfreq)
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Electric Field Strength (dB{uV/m))

EMI : Electric Field vs. Theta

Electric Field Strength v. Freguency

—] — T Along the channel : Phi-0, Theta- 0 & 90 degree

»—8—BE_total at: Theta = 0.0deg, Phi = 0.0d=g, R=1 m
-E_total at: Theta = 0.0d=g, Phi = 20.0deg, R=1 m

0.25 0.3 0.35 0.4 0.45
Frequency [(GHz)
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PIPro: PDN Impedance Analysis
Hands-on Workshop Available: DDR3 Memory card

— Analyze the PDN Impedance of a DDR3 memory card

— You will learn
* How to add the relevant decaps in the analysis and assign models

* How to run a PI-AC analysis
* View the PDN Impedance and add a target impedance line

— Lab instructions in a Word document

4 Eq Component Models M i
4 CAP_2 2uF + -10_SMC0603_511-500007 (... AW 3
[ Eﬂ CAP_22uF_+_-10_SMC0402_511-10204 (P.. [\ B ‘/:/’/
. Ninfinne i

cccccccccccccc
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Decap Optimization Strategies

KEYSIGHT
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Decap Optimization
Combining Capacitors in Parallel

— When multiple, identical capacitors are connected in parallel, assuming the capacitors
are independent and their currents do not overlap, it's the entire impedance profile that

scales lower.

— When the capacitors have a different value of capacitance or ESL, the behavior is not

So simple.

« An example of two different capacitors (C1 > C2) illustrates it introduces a peak in
the impedance, called the parallel resonant peak, which occurs at the parallel

resonant frequency (PRF).

KEYSIGHT
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Decap Optimization

The parallel resonance peak (aka anti-resonance peak)

Large C1
+ ¥ Term SRLC
Term1 C1
Num=1 R=2 mOhm
Z=50 Ohm L=0.8 nH
= —+— C=2.2 uF
Small C2
+1  Term SRLC
Term1 C2
Num=1 R=18 mOhm
Z=50 Ohm L=0.56 nH
= —+— C=2.6nF

KEYSIGHT

TECHNOLOGIES

mag(Z(1,1))

ADS

mag(Z(1,1))

8EO

1E-1—

1E-2—

7E3

1E3—

1E2—

1E1—

+ 7 Term SRLC SRLC
b Term1 C1 C2
Num=1 R=2 mOhm R=18 mOhm
Z=50 Ohm L=0.8 nH L=0.56 nH
= —-— C=2.2 uF —-— C=2.6 nF
aps SEO
I I I I
> > 5 = > 8
=) o S =) o o
S =) S S o o 1—
= = S £ £ = \
freq, Hz = |
N
S 1E-1— \
©
: J
1E-2—
b \ \ \ \
o o : o o
o © S o ©
o o o o o
I I I \ ~ ~ = = =
= & ;3 : &8 frea, He
o o o o o o
= = =z < £ =
freq, Hz
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Decap Optimization
Engineering a reduction in the peak impedance

— Important ways:

* Increase the ESR of both capacitors - use more smaller decaps - not cost
effective

* Increase the capacitance of the smaller capacitor

« Reduce the ESL of the larger capacitor

KEYSIGHT
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ESL,
VRM s\ "—a  Sink

Decap Analysis for DDR3 '?;"L“s@l iESL Smal
-2 C1 T T mtrllnm%:”C

No Decaps, VRM Open

No Decaps, VRM Closed

_20.00
ipe 6000k T wos 2000 /';
1.000k— SNl PRF |
i=: PRF -
i N — 1.000 — i
= 1000 b e~ E 2 \/Cz X ESL, / L/
5 Small Sa S |
g 0007 “intrinsic” C i < 100.0m e \‘f
5 ~ | > g Want to get
£ 1.000 - of PCB / g : 1+, :
> C2 = -1 this inductive
\\ / 10.00m— /,/ | |
100.0m y — slope lower
10.00m ‘ ‘ | | 1.000m sl | | |
= S o S s g > > > S > 3
2 5 S 3 S o 3 5 S S > o
freq, Hz freq, Hz
C ESL ESR SRF
2.704E-9 5.457E-10 0.019 1.310E8 Ok up to 3-4 MHz
KEYSIGHT
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Decap Optimization
Location of the six 0.22 uF Capacitors

Ul
i
'CZO
eeaae

===
]
& Seg
.. ¢74 o, 23
] 4]
e, Teo, 26
°s, oL
LR e
e, ®e.
& o ¥ e ®ee,
99 ]
®o0q, “ces
e
==a
e
e
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Decap Optimization

C20 Decap, VRM Open

ADS 8.000 \
1.000 — f\
= s 7
S | /
c L
O, ?\ ¥
|
S 100.0m— ; @
> 2.2 UF of i
=
Cc20 N
10.00m A\
| | | |
o ) 3 > > 38
o o o o o o
(@] o o o o o
>~ ~ = = = =
freq, Hz
C ESL ESR SRF
2.203E-6 7.656E-10 0.002 3.876E6

TECHNOLOGIES

ESLsinkévrm
VRM s=—n""""—  Sjnk

ESL
Cwm% % CZO sink>C20

C20 Decap, VRM Closed

EOE

mag(Z) [Ohm]

4.000 |
Il
i
1.000 — i
New PRF S
i |
Vrm <> C20 d !
100.0m— ~ =S
.
/ |
10.00m— //// \/
// l\\”"
1.000m — ‘ ‘ ‘ ‘
o = 3 o > &
o o S o © 9
o o o o o o
= = = = 2 =
freq, Hz

Ok up to 8-9 MHz now but we introduced a
parallel resonance impedance peak...
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Decap Optimization

Six 2.2 uF Decaps, VRM Open

Important ways of engineering a reduction in the peak impedance:

> Reduce the ESL of the larger capacitor >-Widerrails—tessvias
» Increase the capacitance of the smaller capacitor > Add 5 more!

» Increase the ESR of both capacitors =--Often-hotcosteffective

Six 2.2 uF Decaps, VRM Closed

e 2.000 sps  1-000 |
1.000 — PRF -
\ PRF Vrm <> Cs
T Cs<>Cs " 100.0m—
£ 100.0m- b 5 /
o, / o,
S /g S yanme T to get this
£ 10.00m— e g 10.00m= |/ ¥inductive slope
T ' even lower
ESL ESR SRF -
ﬂ
2 | | T 1.000m——— | | | )
22 3 . o o & S =) = > > 8
22 1.4 4 2.9 S S o o = S 8 S S 2
2.2 1.3 4 30 = = = = x x < < < £
gLl 22 06 : e Almost ok up to 10 MHz. The little extra C
still needed will come from the ones need
KEYSIGHT to improve higher frequencies...
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Decap Optimization

- Enable all 74 0.22 uF Capacitors.

All Decaps, VRM Open

All Decaps, VRM Closed

fal i 800.0m BOS 700.0m /
—_ _ — 100.0m— /
= 100.0m = S:
c e
O, O Al
3 \ a S A /
& \\ v & M
£ 10.00m— N ‘a / e 10.00m— / SSiee
o
HRFENE e B
uF nH mOhm MHz ///
022 083 & | — 1.000m | | | |
022 072 4 125 = 3 29 > 2 = 2 2w
022 072 4 125 oS o S o Pt S S Pt S o
= = =) =) =) =) o o ! S =) o
< < < < ~ P = = = =
freq, Hz freq, Hz
More decaps doesn’t help a lot. The ESL limits the improvement...
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Lowering ESL: X2Y© Filter and Decoupling Capacitors
When every pH counts

EMI Filtering S21 Signal 1 o i

A Power Bypass S21 Power AJ_
Signal-to-Ground Ground = E“] e Power-to-Ground R
Signal 2 o . < _ 1

Ground ©

Labeled capacitance values below follow the P/N order code (single Y cap value)
Effective capacitance measured in Circuit 2 is 2X of the labled single Y cap value.

Cross-sectional View

Equivalent Circuits

Dimensional View
j‘_ o G >| cB |« —>| |<—EB
Gl O G2 A % B vt u u
]é_ - N i —
e 2E3-Y-
| = H
1E2—
=
o 1E1—
N Red: Murata general purpose
g Blue: X2Y
1E-1—
m2
1E-2
KEYSIGHT 1.000k 10.‘00k 10(;.0k 1.0(‘)0M 10.80M 100‘.0M 1.000G
TECHNOLOGIES freq, Hz ‘ HSD2 - PIPro Hands-on
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Lowering ESL: impact of the mounting

Murata General Purpose 0603 X2Y 0603
Red: Murata general purpose
Blue: X2Y
2E2-Y%-
" e H
g 1E1
g
1E-1 /A/
\
= = 2 2 2 2
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Additional topics...
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Power Plane Resonance Analysis
Why doing an PPR analysis?

— Resonance frequencies (comparing to AC)
* Quickly get all resonance frequencies in a range without frequency sweep (AFS in
AC can be slow to converge)

* The resonances are natural resonances (the S parameter from AC simulation show
resonances only related to ports (VRMs and sinks))

— Surface current and fields
* PI: suggestions of decap placements at high resonance fields

« Sl: avoid routing of signal lines close to high resonance fields, if the resonance
frequency is close to the signal rate and its harmonics.

KEYSIGHT
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Power Plane Resonance Analysis
Correlation with AC analysis

Customer design: 38,469 vias, 16 decaps with from C = 5.6 pF to 22 uF

Eigenfrequency Q walu
1 5.05%128 MH= 3.590775e+000
57T_.7TEZ27 MH= 7.814738e+000 . .
3. £3.0138 MH= 8.871e77e+000 PPR' 10 GB! 23 mln
4. 183.883 MH= 5.10484Z2e+000
5 205.51 MH= ©.55345%e+000

PDM Impedance - VRMs Closed

ance - sink_U3803 - VRMs Closed

{ahrm)

Impe dance

PI-AC: 9 GB, 60 min

1 10 100 1000
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Additional Topics

Remote sense lines _

.......... o
. . PN
b e e L Y T REMOTE SENSE CONNECTIONS
1| RBTT L. SN |  BEEE s AT DUT PADS
2:‘ E?fﬁw '“3“:'9; E . T e
¥ rds DHE S g 3
Lz [22 = T_‘—|2
— - L_ VCCIWI FREA
ooze |21 . Vo1V FEGA SHE B 1 ZJ'g:!
ATTH e LET WCC1V2 FPGA SHE W 1 Zl?z J_
- 1 1 veravi
- | 1_L c730 :' oY | ¥ooivd —l_ J— a?::-
0.0150F [= o - L2
DCRE 40 | T ;g‘; I ::;III;":"' . ng \ | FOC1VEI FET EWITCH -
c372 me
MIEBDE — g.Daoe 1 Z‘lgz WOCLVI SYEMON EENSE E.
INTUNE DIGITAL 2 ig‘;’ = - -
POL REGULATOR ,  Z50, WOCLYD SYEMON SENSE Wy
AETE P

In case there are multiple sinks on the power rail, some nearby, some further away from the VRM, the VRM may
remote sense the IR drop at a ‘representative’ location and use that feedback to adjust its output voltage level.

— How to select that location?

— How to verify that nearby devices aren’t overbiased?

KEYSIGHT
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Additional Topics
Remote sense lines

TITTT TTITITITICIZICT

AARARAA AARARQOOOOOOOD

***** —zz
. : . : . . . 99 ].ggi
o0 1.204— H
_ VDD_J1_VDD_GND_88 13- ;
f N _I_1 1201 8 ¢
o . . SRL . = . OIS >4
- 88 1.198— 0 o
%X pc . - VDD_J1_RL S5 tier= 3 °
- 00 4195
VDD_J1 = R=0.0 Ohm 56 11
Vdc=1.20 V tune{ 1.2V to 1.22 V by 0.001 V'} gs' 11
. ) . . . . ) . : . >> 1.190—
I ]
Ref N e
u 22, 1.187
NN 1.186—
i i . [aYa) 1.185\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
> Lo 00t
55355 s55000000088 RENNNNRRRERERNNRRRRRRY
[FUPL I I L B i g D e R 1717 S AN DA GO IO®O© O =~NWHAOON ®© O
28222 999§§§§§ fSeRe]
acooo coooan VDD J1 VDD GND

— Run a PI-DC analysis and generate a test bench schematic.

— Tune the VRM voltage so that the voltages delivered at the sinks fall within the minimum and maximum
specification.

» Select the representative sink to serve as remote sense location

« Alternatively, use the voltage distribution plot to decide on the location. Insert top level pins and define a
virtual sink (not drawing a relevant current)
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