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Enabling:RlatiemmilevelPower
ReliveryiCharacterization

* The Power Delivery Network
o Time Domain Validation
 What is Z(f)?

s Measurement Setup

o Application Examples

o Status & Plans



Typical PowerDeliveryNetwork
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Time bomain Validation
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o VTT tool s used as CPU emulator

* Drawhacks with TD validation
— VTT tool rise time different from that of processor
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Platform Z(H—NMeasurement Setup

Host System

VTT Tool

Scope

Target Platform |
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Time& Freguency/Demains
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Time& Freguency/Demains

A A . 1
1/f, ()

G . ¢

| ‘ ‘ ‘ ‘ ‘ 1/5
1/7
T ’ OO0 O R
e Ui 3fy 5 7fy freq
? A PS
= 7
: e T oo,
me g i S 51, 7, freq
C
Sweep frequency to populate the +® o e
data points on the impedance . 90 \ £
profile plot ’ ’ r| ’T ‘ .
0 fof, Bfy3f 5f, 56,7, 7f freq
s Intel Developer
intgl. o FORUM

*Third party marks and brands are the property of their respective owners



Automation

Station Scope Settings
& Station #1 GPIB Address  Vscale (mV/div) Volfset [mY) >OM port setting

(" Station #2 | : 50 :I I LD | |

HESE Trig Level [mV) Tigger Lhannel
700 23 (¢ Ch3 ( Aux

(¢ ALR5484(5)54
" TDSB84C

teasuring impedance... )
ln . E it

ATD Power Delivery

Platferm Z(f) can be found in ~3-5 minutes
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Application = LGAT7S platform

10 x 560 uF Bulk Caps
12 x 22 uF MLCC Caps
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Status & Plansior OEM Deployment

s Setup and plans demonstrated to OEMs
— Aug 5 Intel Pewer Summit at Dupont, WA

o Customer version of the automation tool Is
currently being developed

— Tool will-be designed to support different
measurement setups using multiple scopes

— Automation tool will be made available to the
OEMs along with the next release of the VIT tool

- Intel Developer
intgl. FORUM
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Stimmany

o Capability developed for fully automated
platferm impedance profile measurements

* Steps underway for deployment of
measurement capability to OEMs

*Third party marks and brands are the property of their respective owners



Agenda
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NoveliPRIArchitecture and Thermal
Considerations tor Multi-Core Servers

s ltantum Server PD Architecture

o Xeon Server PD Architecture

o Motivation fior new architecture

* New PD'Scheme for Multi-Core Servers
 Thermal Considerations



ltaniumServer PD Archrtecture

Power Is supplied through a power pod

Power Is delivered through a topside power connector
from one.side of the package

Power; Pod Power Connector Lands

- Mother Board
= ikl Intel Developer
intgl s FORUM
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Xeon-ServerPb Architecture

*. Power Is supplied through pins on the socket

* Power Is supplied from the voltage regulator through
the pins from two sides on the package

Die

Package e s Socket
VR .Components === VR Components

el
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Motivation fer NewArchitecture

o Power Delivery performance is limited with either PD
architecture

* MB Real Estate for Power Delivery

*  Opportunity for synergy between the Xeon and
[taniuim servers

- Intel Developer
intgl. FORUM
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NeWwArchitecture —Package Details

* Four-sided power delivery scheme for improved
performance

e Dedicated power connector iIs more scalable

Power
Connector
Lands

- Intel Developer
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Cross-Section

Neatsink

I[l[l[l[l[l[l[l[- oo ot

* VR components moved to the VR board to free up MB
real estate

* New TIM3 material introduced to cool VR components

- Intel Developer
intgl .. FORUM
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Thermal Considerations

* CPU Cooling

— Increased die size due to multiple cores improves CPU
cooling capacity
« VR Components

— Increased power dissipation from the VR components due
to the increasing current levels

— New TIM3 material introduced to keep VR component
temperature under spec

o Power Connector

— Joule heating;in the power delivery path can drive up power
connector temperature

— Need to contain maximum current through connector pins

- Intel Developer
intgl. FORUM
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Thérmal Analysis ofithe VR Board
- “Global model to obtaln temperature distribution across
VR board SER S i
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Stimmany

s Nowvel PDarchitecture introduced for multi-
cCore servers

— 4 sided power delivery fior better performance

— Dedicated power connector makes the new
architecture more scalable

* Unified platform strategy for Xeon and
ltanium; server products

o TIM3 material introduced to help keep VR and
peWer connector temperature under spec

- Intel Developer
intgl . FORUM
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Advancesin Package Roewer Delivery
and Power Removal Solutions

* Desktop & Mobile Loadline Trends
s Evolutien of Capacitors
* Advances in; Socket Technology

* Package Technology Improvements
* Summary.

intgl FeRe
| . FORUM
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Desktop &Monile Loadline Trends
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Capacitorlechnelogy.

0805 2T Capacitor: 0805 IDC 0603 IDC Array Capacitor

»  Capacitor technoelogy has evolved over the years

— Transitioned from 2T capacitors to 0805 IDCs starting with
processors in the 130 nm node

— Processors In the 65 nm node have started using 0603 IDCs

— Future.generation processors could potentially use array
capacitors if the technology warrants it

- Intel Developer
intgl. FORUM
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CapacitorExample

* Reducing body: size drives up capacitor count

| Single Core Processor: | Dual Core Processor

(16 x 0805 IDCs) (35 x 0603 IDCs)

- Intel Developer
intgl » FORUM
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Impedance Profile’‘Comparison

o

Impedance vs. Freqguency

———— Single Core (16 x 0805 IDCs)

Dual Core (35 x 0603 IDCs)

Increased number of
capacitors reduces high
frequency resonant peak

Impedance
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Secket fiechnology
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e Improvement in socket technology has enabled us to
scale the pitch and. fit more pins for a given area
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Package Resistance

| 90nm Processor Package | 65nm Processor Package

. Packages for the 65nm processors have increased
copper in the core layers to reduce resistance

w - _ Intel Developer
et . FORUM
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PewerRemovaliStrategies

Temp — Package Case
Temp Silicon (To) Temp — Ambient

=

emperature Gradient

o Packaglng Strategy.

— Hot spot mitigation

— Reduction in thermal resistance (bulk & interface)
e Heat Sink Strategy

— Material' & Geometry Optimization

T —  Cost effective manufacturability D .
intgl - FORUM
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HOt Spet mitigation

Example: [tanium

Integrated
heat pipe

High conductivity
Interface Material

HHHHHHHHH Polymer -> Solder

Integrated Heat
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HeatSInk Technology
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Summany

* The power delivery impedance target has been
shrinking steadily over the years

o Capacitor technolegy has been steadily improving
to address high freqguency noise

* Improvements in socket and package technology
help reduce DC resistance

* Use ofithe heat spreader and better TIM material

have reduce

. Heat sink tec
enhance coo

package thermal resistance

Anoloegy has been improving to
ing capability without driving up cost

Intel Developer
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