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u-Controller and its Packaging

LQFP-Leads
Wire-Bonds

PCB

u-Controller ( uC )

Beside the electrical Verification of the complete Design, 
the Amount of Conducted Emission Noise, leaving the ICs,  needs to be known
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Power- and Signal- Noise on ICs,
generated by the Switching of large clocked IC-Circuitry,

causes basically3 Typesof Problems

1.) TheFunctionality of other Circuit Groups on the same IC
with regard to

• Reducing the Speed of Circuits
• Causing Circuit Failures

• Leading eventually to Latch-up of CMOS Circuits

2.) The Conducted Emissionthat leaves the IC via the Chip-Package (CP)
and disturbes the Switching of the Circuits of other PCB Components

3.) The Radiated Emission :The high frequency Conducted EmissionNoise,
leaving the IC then radiates off longer PCB-lines, which act as antennas.

Such Noisegenerates also

Such Noiseaffects
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• And the electromagnetic Interactions and Resonancesinside 
the Package Structurealso affect the IC Power Grid Noise.

Why is there a need to incorporate the Chip Package 
into the IC  PI/SI- and Noise- Analysis ?

• Noise propagates from one on-die locationto other on-die locations

• However Noise often propagates more easily toother locations of
the chip through the Package Power- and Ground- Structures, 
rather than directly through the IC power grid itself.

chip

���������
�	
������

CP
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Outline of this Talk

� Discussion of the 3 Analysis Techniques, used  to simulate the
Conducted Emission     in Time- and Frequency- Domain

• Time Domain (TD) CoDesign Flow #1

� Description of a Power Supply Path Example, 
transferring Conducted Emission  from the uC  into the Packaging.

• Frequency Domain (FD) CoDesign Flow

� Some Conducted Emission Results compared to Measurements

� A Description of the u-Controller (uC) under test. 

• Time Domain (TD) CoDesign Flow #2

� Summary
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Part of the u-Controller`s 1st Level Power Metal, 
supplying the Glue Logic only

The GDSII-File of the
Glue Logic Power Distribution
for of 1.5V and 3.3V and Gnd

GDSII or LEF/DEF Files, 
describing the Rest of the

1.5V, 3.3V  uC - Power-Distribution,
were not available 
for the Simulation.

They would have completed the
total 1.5V and 3.3V

u-Controller Power Nets,
which were actually measured.

is already 589 MB in size
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u-Controller : WBs + LQFP Power Metal Leads

VDD_2
VSS_2
Power

Test Nets

IC-Area
+

Gnd Metal
Plate (blue)

on the 
LQFP-Pkg

Wire-Bonds

LQFP
Power-Leads
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Different Glue-Logic Circuit Groups have 
different Operation-Frequencies and Suppy-Voltages 

12+3+2 =17 Circuit Groups
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The 17 Glue-Logic Ckt-Groups require
individual Current Signatures (CS) with 

different Operation-Frequencies and Suppy-Voltages 
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Several Methods to get these Current Signatures (CS)

� For the u-C Case a Statistical Vector Approach was used, based on

� Vector Approaches 

• LSSD Design +  combinatorial Glue Logic Path Length

• Applied Clock Frequencies 

• Circuit Technology Characteristics

• Implementation : Infineon‘s propriatery NEMO Progra m

� Spice Simulations 

� Integral Methods exist to determine the CS`s , using 
• IC Power Consumption  +  the C`s/[pF] of the Groups of Circuit-Cells 

• Applied Clock Frequencies and the key IC Timing Functions

• Circuit Technology Characteristics

• Example : Mid-Frequency Noise Analysis Techniques (e.g. IBM publications)

� Measurements 

� Vectorless Approaches : however for many IC Designs not applicable
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2D View of a typical Power Noise Transfer Path,
including the u-Controller PDN

SMB-Connector 
to attach

Spectrum Analyzer

u-Controller
on LQFP

VDD_2 Net, 
including Part of the 

u-Controller
Power Distribution 

Network (PDN)
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Power Metal VDD_2,  IC -> Spectrum Analyzer

SMB_1v5 to Spectrum Analyzer (S.A.)

SMB_3v3

bdr1C130
~6nF

bdr1R114
120ohm

bdr1R129
51ohm

VDD_2 Net

VDD_2 Net

VDD_2
VSS_2

Wire Bonds
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BISS Measurement Concepts :
Conducted Emission Path VDD_2, VSS_2, terminated with 150 Ohm

-
IC-Noise

Oscilloscope
or

50ohm
Spectrum
Analyzer 

(S.A.)

Distributed Gnd VSS
R_Noise Source : Internal complex IC Noise Source Resistance

I_IC-Noise :   PWL IC-Noise Current Source

R_Noise 
Source

+

VDD_2

VSS_2

120ohm

~6nF

51ohm

150ohm Terminater

bdr1R114

bdr1C130

bdr1R129

I

VDD_2 Net

SMB

VDD_2 Net
to SMB of 
Spectrum
Analyzer 

SMB
Connector

Spice 
Model

All Conducted Emission Paths consist of Vias and Metal Lines 
as well as of Metal Planes with Resonator Characteristics
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CoDesign  Methodology in the Time-Domain (TD)

an integrated Chip-Package-Board
Design & Simulation Environment

Electrical  IC-PDN
Characterization

Electrical CP/PCB-PDN
Characterization

The CoDesign
Studio,

Spice based,
has to build
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Programs of the Time Domain CoDesign Flow #1
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Connect
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GDSII
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Detailed View of  XcitePI `s  uC-Design-Inputs, 
like uC-Ckt-Groups, Decaps and Location-Data

IC Layer
Stackup

W
o
r
k
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o
w



EFM 04Feb09

Blue = TD Flow #1 CoDesign Results : 42hrs PC-RunTime

The XcitePI – R,L,C,k Extraction Engine used 948MB MM and 178 CPU-sec

The TD-CoDesign Run takes for t=100nsec          about  42 hrsPC-Time

Computer used:  64 bits Windows-XP, 8 GB memory, 3.0 GHz  2CPUs

Simulation Results of  XcitePI-TD CoDesign Flow #1

[V]

[nsec]

Power 
Noise at 
SMB
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Programs of the Frequency Domain CoDesign Flow
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is  merged with the Pkg-Model

In PSI :V (Frequency)
&   dBuV (Frequency)

at CP & PCB  Locations

LEF/
DEF

GDSII

PKG
CAD



EFM 04Feb09

given n Current-Signatures to the 2n Pins of the n IC-Circuit-Instances

and m Ports to the corresponding  2m IC-I/O Pads

The XcitePI-FD  will then generate a multi-port S-Parameter Model 
of the u-Controller-Power Distribution Network (uC-PDN)

XcitePI-FD`s main Simulation Task

Connect within XcitePI-FD (XPI-FD)

2m IC-Power-I/O Pads

2n IC-Device Pins

XPI-FD contains the physical uC-PDN Data
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FD-CoDesign Summary

XcitePI-FD
PowerSI

spatial Mode

FD Codesign Analysis is performed in PowerSI-spatial mode (PSI-sm), using 
the u-Controller S-Parameter Model, the periodic PWL Current Sources 

and the electrical FD-Model of CP + PCB 

This Way  V(f) and dBuV(f) are generated 
at Packaging Locations of Interest. 

Example : SMB-Connector Location to measure V(t) or dBuV(f))
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Time Domain CoDesign Flow #2

The elapsed PC-Run-Time of   
XPI-FD + PSI-sm + idFT = TD CoDesign Flow #2

is  > 60 times  shorter than that of  TD CoDesign Flow #1

The Combination of  XPI-FD + PSI-sm generates V(f)
and  idFT converts V(f) into V(t) ,

= Time Domain CoDesign Simulation Flow #2
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The XcitePI Extraction Engine used 948MB MM and 178 sec CPU-time

The discrete inverse Fourier Transform (idFT)      10  sec PC-time        
The XcitePI-FD + PSI-sm CoDesign Runs need             42 min PC- time 

Computer used:  64 bits Windows-XP, 8 GB memory, 3.0 GHz, 2CPUs

A Results of Time Domain CoDesign Flow #2

Blue = TD Flow #1 CoDesign Results : 42 hrs PC Run-Time

Red =  TD Flow #2 Codesign Results :  42 min PC Run-Time
= XcitPI-FD + PowerSI-sm + inverse discrete FFT Results

[ V ]

[ nsec ]

Power 
Noise at 
SMB
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Short Discussion of
Numerical Solution Technique Efficiencies

� The electrical Characterization of IC Power Nets leads 
due to the very fine Dimensions of the IC-Structure to huge R,L,C,k Matrices.

� Consequently SPICE runs, used to calculate the IC-Power Noise 
in Time Domain,  require very short Time Steps and lead to 
very long Run Times to calculate V(t)  at given Locations, e.g. 42 hrs.

� In Frequency Domain, V(f) at given Locations can be calculated with 
Frequency Steps, much smaller in number. 
Therefore the PC-Run-Times are much shorter in XPI-FD, e.g. 42 min, 
compared to 42 hrs in XPI-TD, considering the same task.

� To convert FD-results into TD-results or vice versa, Fourier Transform 
Techniques (FTT) can be used, which require only a few Seconds of Run Time.

� This explains qualitatively, why V(f) results can be obtained faster with 
XPI-FD + PSI-sm calculations than with XPI-TD + idFT calculations.

Again: V(f)-Results can reliably be verified by S.A. Measurements.
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The XPI-FD 1.5V dBuV(f) -results agree within 5dBuV with the related 
Spectrum Analyzer measurements of the investigated u-Controller Setup
up to the 5th Harmonics of 80MHz.  

uC-Spectrum Analyzer Measurements versus 
XPI-FD/ PSI-sm CoDesign Simulation Results

[dBuV]

f [MHz]

Measured
Simulated

Above 400MHz the shown comparison partly suffers under the fact, that only 
a limited fraction of the measured Power Net Systems was available in form of 
the GDSII, describing the Glue Logic Power Nets only.
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Summary and Conclusions
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Summary Part1

� TD- and FD- CoDesign Solution Methods of Sigrity‘s XcitePI and CoDesign 
Programs were used to determine the TD- and FD- Power Integrity (PI) and the 
Conducted Emission Generation of an u-Controller and its Packaging.

� For the electrical Characterization of flip-chip or wire-bonded ICs and their 
Packaging,   the Designs have to be available in GDSII- or LEF/DEF- Format, 
respectively in standard CAD Packaging Formats .

� The FD- Solution pointed out to be a least 60 times faster than the corresponding 
TD-CoDesign Solution  to get the TD (and also the FD) PI- and Noise- Results.

� The Availability of the accurate Current Signatures of  
the Design-specific logic Circuit-Groups on the IC is required,
to guarantee additional to the electrical Functionality of the total Design
an exact predictions of Conducted and Radiated Emission Noise.

� The XcitePI/CoDesign Programs cover the coupling between different Power-
Nets on the IC and on the Packaging. Example are the 1.5V and 3.3V Power Nets.
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Summary Part2

� As partial GDSII or LEF/DEF Info provides already valuable information,
as mentioned above, it will be possible to identify potential Noise Peaks 
already during the floor-planing of an IC, and therefore a long time before 
the final IC Design and/or IC-Hardware exists. 

� The shown Analysis Techniques also allow very similar
an IC - I/O Signal-Noise-Analysis  on  IC - I/O-Signals-Lines 
as a function of simultaneous switching I/Os and/or 
internal IC Circuits ( I/O Signal Integrity Analysi s ).

� Measured in dBuV, the verification of the uC-Conducted-Emission 
Noise-Analysis Results pointed out to be better than 5dB, compared to 
related Spectrum Analyzer Measurements. 
This includes e.g. the first 5 Harmonics of the used 80MHz Clock Frequency.
See previous Result Graphic.
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Thank you for your Attention

Questions ?


