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O Core Power Distribution
U Low Target Impedance
U SMT Capacitors

U Power Distribution Tools

Target Impedance
Concept

N4

O 1/0 Power Distribution
U Return Path
Discontinuities

O Will the Low Target
Impedance concept still
work ?
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SSN causes Jitter

Courtesy: Sony
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Impedance Vs Frequency and the role of various components
in the Power Delivery Network

Decoupling =
I Capacitor 'L

Capacitance given by Capacitance by
Discrete Decoupling Capacitors Power/Ground Plane

Target Impeda

Inductance by Inductance given by Inductance by
: VRM or * ESL of Discrete Capacitor Power/Ground Plane
i ESL of Bulk Capacitor * Mount Pad & Pkg Via
; * Power/Ground Traces
* Power/Ground Via
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MultiElayeredicimterDirferenceiMethod (MEEDM)
HightErequencysSsignaliandiPowerintegrty /Analysis

United States Patent 7,895,540, 2/22/11
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Scalability, Memory and Timing

LA
T

32mm 6 lyr
FC Pkg

f-2
T
[
[
=

o)
0
=
e
o
=
@
=

Time {in seconds)

| | |
15 2 25 3 35 4
Number of Unknowns (in millions)

Georgia Institute of Technology May 2011



LSMISHEayErRElIpIChIpIPackage

HOF;
Cross Section
FC 3 Subclass Name Type Material Thickress | Conductivity | Dielectic Loss Megative | Shield | Width
{LIM) {mhofem] | Constant | Tangsnt | Arwerk UM | Impedance
1 SURFACE &IF '~
) 2 TOP COMDUCTOR [ = COPPER - 16 5280000 1.000000 0 =] 25.0
ng 3 DIELECTRIC | - ABF Gx13 - 33 0] 3.200000 | 0.0035
4 FC32 COMDUCTOR | - COPPER - 13 580000( 2.200000 | 0.0035 =] 25.0
5 DIELECTRIC [ -] #BF Gx13 - 33 0| 3.200000 | 00035
& FC2 CONDUCTOR | - COPFER: - 21 580000[ 3.200000 | 0.0035 =] 25.0
= 7 DIELECTRIE | -] #BF Gx13 - 33 0| 3.200000 | 0.0035
o) J & FCT CONDUCTOR | - COPFER: - 21 580000[ 3.200000 | 0.0035 =] 50.0
9 DIELECTRIC | ~ BT 679FG - 400 0| 4.200000 | 0.0035
10 BC1 CONDUCTOR | - COPFER - 21 550000[ 4.200000 | 0.0035 =] 50.0
11 DIELECTRIC [ -]  #BF GX12 - 33 0| z.200000 | 0.0035
| BC 1 | 12 BC2 COMDUCTOR | - COFPER = 13 580000 3.200000 | 0.0035 =] 25.0
13 DIELECTRIC | -]  #BF G+13 - 33 0| 200000 | 00035
14 BC3 COMDUCTOR | - COPPER - 13 580000 | 3.200000 | 0.0035 =] 25.0
15 DIELECTRIC | -]  #BF Gx13 - 33 0| 2200000 | 00035
| Bcz | 1E BOTTOM COMDUCTOR | = COPPER - 16 520000( 1.000000 0 =] 50.0 ~
< >
Total Thick - itialize Conductive Layer Dielectric: Dielectiic Constant:  Loss Tangent: [] Differential Mode
72 UM [ Custom Yalues ] [~ | [ Autosolve Mods
I OE, | l Apply | l Cancel | Refresh Materials -> Help

*¥ Allegro Expert: plasma.brd Project: ....home/h1/deutsch/parallel
| File Edit View Add Display Setup Shape Logic Place Route Analyze Mamufactwre Tools Help

EYEVEVEVEVE] al3 Je 1] slalmizml [ O Objectives

Al Q Correlate Risetime, Delay
NEXT and FEXT for the IBM

f Package

/_JJ O All measurements done by IBM

L N AANHBEE AR using TDR with top and bottom
ENets Measured REReEy(p s st sy i iars

side probing

e |l [ ol | Y WlIf b4 Courtesy: Alina Deutsch and Jason Morsey
§ 80 . & IBM Yorktown Heights
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Measuremenusersup

O TDR/TDT Set'uP with 40ps pUIse transition Courtesy: Alina Deutsch and Jason Morsey

O High Frequency probes and cables used IBM Yorktown Heights
Georgia Institute of Technology May 2011



Chip side

BGA side
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Interconnect and Packaging Center: Vision and Roadmap
to Achieving Integration using 3D IC and Packaging
Technologies
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Coupling of Electrical, Thermal
and Mechanical Effects e
A Multi-Physics and Multi-scale

Challenge =

Standard processor

Underfill Silicon
interposer

Chip warpage {pm)
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Electromagnetic Modeling of TSVs
Multi-scale Challenge

Commercial Tools will choke due to the multi-scale geometries of these structures
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Modeling of TSVs using an Integral Equation Based Meshless Approach

Insulator o Conductor

substrate 4, Polarization current in oxide
(modeled with PMBF)

TSV structure
‘Excess C(Cy)

Parallel GC
Total charge ‘
I (modeled with AMBF)

Series R-L model

Conductor current l
(modeled with CMBF)

Dependant voltage source
(mutual coupling & proximity effect) Conductor series
impedance with
inductive coupling Oxide capacitance
between conductor
and insulator nodes

_Y._/

Self and mutual
admittance through
silicon substrate
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TSV RLGC Parameter Extraction
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Coupling between TSVs — The Variability Problem

TSV array Coupling » Mutual Coupling between TSVs

- 5x5 TSV array - Mutual coupling reduced with increasing distance
- Length: 200um

- Diameter:20um
- Pitch: 50um
- Oxide thickness: 0.1lum
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Crosstalk Waveforms — Low Vs High Resistivity Si
» Coupling waveform at different TSVs (10S/m)

- the amplitude of the coupling waveform decrease with distance

- the time constant of the waveform increase with distance

= Configuration
- A voltage pulse is applied at TSV-1
- Pulse Rise and Fall time : 100ps
- Substrate conductivity: 10 S/m or 0.01 S/m

O ¢ € @ €

r" rQ r(') Eﬂ @ = Coupling waveform at different TSVs (0.015/m)
14 rf[ - the amplitude of the coupling waveform decrease with distance
(19 (2¢
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- the waveforms decay much faster in high resistivity substrate
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Variability in TSV Performance

= Configuration
- Each TSV is connected with a Random bit generator
- Bit sequences applied are different for each TSV
- Bit rate: 5Gbps
- Substrate conductivity: 10 S/m
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DESIgNGREDNS

Currently Practiced design
approach

Decoupling Integrated
Capacitors Circuit

Georgia Institute of Technology May 2011




wworSides orarPowerPlane

Decoypling Integrated
Capacitors Circuit
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conventionalfiPowerbDeliveryiNetwork

Power Plane <

Ground Plane
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pPowersransmissioniimend’)

Ground Plane

A. E. Engin and M. Swaminathan, “Power Transmission Lines: A New Interconnect Design to Eliminate Simultaneous
Switching Noise,” in Proc. ECTC, pp. 1139-1143, 2008
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Terminating Package
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LimitationoRPowerniransmissiontiine(d)
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LimitationoRPowerniransmissiontiine(2)
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constantCurrentiZniENeE)

Dummy path
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constantcurrentiPniENe)

Constant IR drop
over PTL

Constant voltage
at TxPwr node
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destVenicles

Power-plane-based test

Signal Layer

Power Plane

Port3

Ground Plane

PTL-based test vehicle

Signal Layer

A
Port3 |

Ground Plane
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ModelhnmgiandiSimulation

Magnitude (dB)

Port3

Port4

Power plane-based },

15t resonant frequency =
750MHz 5 ¢

Frequency (GHz)

SPICE simulation setup

Eye height improves by 19.6%
Jitter improves by 58%

Georgia Institute of Technology
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Measurementserup

Measurement setup

Signal Power Supply
Generator Voo V .
DD SS |
Differential Oscilloscope | ;
Driver .

The dummy path is implemented outside the chip due to the limitation of using an
off-the-shelf chip
AC coupling capacitor is used

* to suppress the DC current flow

 to provide bias for the oscilloscope
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Signal generator output

wWithrSourceslermination

| Eyeheight | P-Pijitter

Power plane 430mV 39.1ps
CCPTL 495mV 24.9ps

Improvement 15.1% 36.3%

CCPTL-based TV

é i 100mV
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Signal generator output Withoutsourcesermination

| Eyeheight | P-Pijitter

Power plane 463mV 36ps
CCPTL 546mV 27ps

Improvement 17.9%

CCPTL-based TV

The same supply voltage of 2.5V is used for both test vehicles.
Mismatch between the signal line and load termination is negligible so that the
source termination could be omitted.
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RMSTandiPEPaIitteriComparison

RMS jitter Peak-to-peak jitter

Jitter (ps)
Jitter (ps)

1500 2000 2500 3000 1500 2000 2500 3000

Frequency {Mbps) Frequency {Mbps)
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SUMManyaorEoWeraransIISSIONEINE

 The first demonstration of the CCPTL scheme has been presented —
A High Impedance PDN based concept

 Reduces decoupling capacitors required (not shown)

 Simulations are done to model the test vehicle in both frequency and

time domains.

1 Based on measurements, using the CCPTL scheme
o 1improves the eye height by 15.1% and p-p jitter by 36.3% with source termination
o 1improves the eye height by 17.9% and p-p jitter by 25% with source termination

e The power consumption issue needs to be addressed

e This is being addressed through Constant Voltage Power Transmission

Line concept — ongoing work

Georgia Institute of Technology May 2011



Mixed Signal Design Group @ GT

—

epsilonlab.ece.gatech.edu
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