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Agenda

Goals and Obijectives
Introduction
Hardware Solutions

Case Studies
— Power Measurement and Challenges of >340 A
— Socketing Large BGA Packages

— Scaling Thermal Tools for Products with >500 W and -40 C
Temperature Requirement

Closing Summary
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Goal

* Introductory tutorial covering systems, sockets, and
thermal tools used in post-silicon Functional
Validation along with the challenges and solutions
to satisfy Validation requirements.

 Attendees should be familiar with the silicon
product manufacturing test flow and have a basic
understanding of post-silicon functional validation.
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Objectives

This tutorial will provide attendees with a basic understanding of:

» The different types of post-silicon validation

« The goals of Functional Validation and types of HW used

« How validation differs from manufacturing test

» Types of sockets and thermal tools used by Functional Validation

« Challenges with managing Functional Validation scope and
optimizing hardware strategies

« Challenges with development of high-power measuring solutions,
socketing of large BGAs, and Thermal tools for high power/low
temperature components
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Introduction

Manufacturing Test

What is Validation

Validation vs Burn-in

Types of Post-silicon Hardware

Post-silicon Validation Sockets
Post-silicon Validation Thermal Test Systems
Types of Post-silicon Validation
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Introduction

MANUFACTURING TEST FLOW AND
POST-SILICON VALIDATION
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Simplified Manufacturing Test Flow
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Simplified Manufacturing Test Flow
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Sort Burn-In Ready
\ Testing / Parts >> Testing > Class Test >> to Ship >

Sort Testing
Wafer or singulated die level testing to select
good die that will move on packaging
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Simplified Manufacturing Test Flow
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Sort
Testing

Package Parts

Good die from Sort are attached to substrates along with other
components and may include a heat spreader (not shown);

Testing may or may not be done prior to Burn-in PN
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Simplified Manufacturing Test Flow
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Simplified Manufacturing Test Flow
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Simplified Manufacturing Test Flow
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Testing Testing to Ship /

Product Ready

After Class Test, products are packaged and ready to ship
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Simplified Manufacturing Test Flow

]

M
e P |
Source “AEHR Test Systerd®

Package Burn-In Ready
Testing > Parts >> Testing > Class Test >> to Ship >

Applies to mature products, ignores initial component
post-silicon validation
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Simplified Manufacturing Test Flow
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4 x 2
Source: AEHR Test Systen"

Sort Package Burn-In Ready
Testing > Parts >> Testing > Class Test >> to Ship >
> Post-Silicon Validation >

Reality: Post-Silicon Validation is not Manufacturing Test and happens in
parallel with the Test Flow ending when product quality launch criteria has
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Introduction

POST-SILICON VALIDATION OBJECTIVE
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Validation Definition

Methodology to confirm that a component’s
design exactly matches its functional
specifications
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Validation Objective

 Validation assures components meet:
— Applicable end-user use case requirements
— Architectural design specification
— Industry specifications (Example: USB, PCle)
— Internal specifications for proprietary interfaces
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Validation Classes
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Validation Classes
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Validation Classes

Today’s tutorials will
focus on the platform
hardware used in
Post-silicon
validation

Post-silicon
Component
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 Validation:

Validation Goals vs Burn-in

FUNCTIONAL REQUIREMENTS DOCUMENT

FUNCTHONAL REQUIR EMENTS DOCUMENT

— Show that CPU’s design s : _
exactly matches its functional About the HSA Platform System
specifications Architecture Specification
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Validation Goals vs Burn-in

FUNCTIONAL REQUIREMENTS DOCUMENT

 Validation:

FUNCTHONAL REQUIR EMENTS DOCUMENT

— Show that CPU’s design e e e e
exacjtlly m_atCheS its functional - About the HSA Platform System
specifications ,"{ Architecture Specification
 Burn-in: Stage 1 Stage 2 Stage 3
. [
— Detect early failures 5
— Increase reliability L
— Lower Defective Parts Per o "
Million in Stage 1: Infant B[S ]
Mortality — —
TIME
1 2
Source: EDN Network, Burn-in 101 Q""o\g \
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Validation Goals vs Burn-in

. . FUNCTIONAL REQUIREMENTS DOCUMENT
» Validation: R
— Show that CPU’s design : s
exacjtlly m_atCheS its functional e About the HSA Platform System
specifications i’_’.'f;iff."ﬁ""ﬁ".{ Architecture Specification

* Burn-in:
— Detect early failures

Stage 1 Stage 2 Stage 3

i \ I

_ 1« Burn-in is focused on manufacturing process while |-

M validation is focused on design correctness
ortality —

ailure

| I - 'S

TIME
t 2

Source: EDN Network, Burn-in 101
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Introduction

TYPES OF POST-SILICON HARDWARE
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Section Agenda

* Definitions

» General anatomy of:
— Reference Platform
— Synthetic Platform
— 1/O Characterization Platform
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Definition: Reference Platform

« Reference Platform
— Intel developed
— Representative of a general OEM/ODM system
— Fully engineered starting point for leveraged designs
— Includes minimal non-product system features to enable validation

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 27
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Definition: Synthetic Platform
» Synthetic Platform

— Imitates a Reference Platform in some ways

» Can boot and run operating system (OS)

» Shares majority of firmware, but is different (FW)
— Non-Reference Platform

« Form factor

* Power delivery

» High Speed Interface Topologies

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 28

28

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Reference Platform

Source: Intel

2 Socket Reference Platform
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Exploded View Heat Sink and Socket Assembly

CPU HS
\

CPUHS
Retention

—_—

CPU package

CPU socket

CPU back

plate \_. '

assembly

0

ﬁ

4

¢4

Source: Intel

2 Socket Reference Platform
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Reference Platform Key Components

CPU Socket1
(CPU installed)

CPU SocketO
(CPU installed)

Memory Slots
Memory Slots

CPU1 PCle

CPUO PCle
Slots

Slots

Source: Intel

2 Socket Reference Platform
Validation workhorse supporting the majority of the validation effort for
Intel® Xeon® Scalable Processors
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Reference Platform Key Components

PCH PCle
Slots

PCH

PCH I/O

Source: Intel

2 Socket Reference Platform
Validation workhorse supporting the majority of the validation effort for Intel
Xeon Scalable Processors
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Synthetic Platfor

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0
configurations and power consumption measurements
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Synthetic Platfor

CPU HS
\

CPU HS
Retention

CPU package

CPU socket

CPU back
plate _
assembly > g s

Source: Intel

_V\.,a latform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0

configurations and power consumption measurements

=5 ™
% I e St Co nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 34

"

34

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Synthetic Platform Key Components

CPU Sockets
(Shown with CPUs
and Heat Sinks
Installed)

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0
configurations and power consumption measurements
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Synthetic Platform Key Components

Memory Slots

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0

configurations and power consumption measurements o
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Synthetic Platform Key Components

CPU PCle Slots

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0
configurations and power consumption measurements
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Synthetic Platform Key Components

PCH
(Hidden behind
board)

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0
configurations and power consumption measurements
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Synthetic Platform Key Components

PCH
PCle Bifurcation
Boards

PCH I/O not shown

Source: Intel

2 Socket Platform Control Hub (PCH) Test Platform
Additional test coverage of PCH specific features such as High Speed I/0

configurations and power consumption measurements o
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I/O Characterization Board

Source: Intel

I/0 Characterization Board
Enables observation and measurement of a component’s 1/0O

b
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I/O Characterization Board Key Components

CPU HS
\

CPU HS >
Retention

CPU Socket

CPU package

CPU socket

CPU back &
plate X "
assembly i -
é‘_ L & a Source: Intel
gest® /0 Characterization Board

Enables observation and measurement of a component’s 1/0
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I/O Characterization Board Key Components

High Density
Connectors to
connect I/0O to test

SMP to connect I/O equipment

to test equipment

Source: Intel

I/0 Characterization Board
Enables observation and measurement of a component’s 1/0O
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Introduction

POST-SILICON VALIDATION SOCKETS
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Agenda

Socket Introduction

Trends

Stamped and Formed Pin Socket
Spring Pin Socket

Elastomer Socket

Typical Compression Heights

Surface Mount vs Socketing Trade-offs
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Socket Introduction

Common types of sockets in post-silicon Validation
— Stamped and formed pin sockets, elastomer sockets, spring pin sockets

Substrate
— Stamped and formed pin socket, BGA

Environment

— OEM products, HVM Testing (Burn-in and Class), Post-Silicon Validation
Testing

Application

— CPU, GPU, Chipset, Memory, ASIC, Modem, FPGA, Interposer

I e St CO nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 45
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Stamped and Formed Pin Socket (Used in both Production Boards
and Validation Test Boards)

: Heatsink
Cantilever -
PHM
(Processor CPU Clip
Heatsink )
Backbone Module) CPU
Subassembly)
Bolster Plate

._;

J-lead

Solder ball d e} /\( Socket

Socket is surface mounted
(soldered) to board

Sources:
* intel.com
* M Imaninejad et al, 54th IEEE Holm Conference on Electrical Contacts, 2008 "™ oy
— ™ S .
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Spring Pin Socket

D * Very high reliability (up to
500 K cycles insertion /
extraction)
* Primarily used in High
Volume Manufacturing
Testing

s  Relatively high stroke
| Socket is not Ségi&gred to board but and Worklng range

assembled by alignment pins
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Elastomer Socket

* Pins consist of metal particles
In an elastomer matrix

» Relatively low cost
« Extremely low height
« Can be customized to mixed

pitch
Socket is not soldered to board but . . . A
assembled by alignment pins * Primarily used in post-silicon
Validation
) e}o‘g S
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Comparison of Typical Socket Pin Compressed Height

in Post-Silicon Validation
Comparison of Compressed Actuated Pin Height . P|n he|ght haS Signiﬁcant

influence on electrical

performance for high speed

applications

— Insertion Loss

— Pin to Pin Cross Talk

* Pin stroke (travel) has

significant influence on its

- capacity to tolerate large

o W -

(3, I - N

Normalized Compressed Height
Y

3
2
N
0
Spring Pin LGA Pin Elastomer Pin paCKa-qe Warpa-qe
Socket Type — Low level contact resistance
AN
= Note: Elastomer pin height is close to the size of solder ball é’.zn.g
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Tradeoff: Surface Mounted vs Socketed BGA Packages for Post-Silicon Validation

Advantage (Green) / Disadvantage (Red) Surface Mounted BGA | Socketed BGA
Swap out defective silicon No Yes
Swap out different steppings of silicon No Yes
Save costs and lead time of expensive test boards No Yes
Unlock silicon from the board (important when early No Yes
silicon steppings have low yield)
Extra flexibility in configuration capability when using | No Yes
different interposers between silicon and board
Large socket retention forces increase with pin count | No Yes
Large socket retention forces increase with large No Yes
package warpage
Extra collateral needed to design socket retention No Yes
mechanisms
High electric current capability Lower risk Higher risk
. 20 %
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Introduction

POST-SILICON VALIDATION
THERMAL TEST SYSTEMS
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Agenda

 What is a Thermal Test System
* Thermal Test System Applications
« Examples of Thermal Test Systems
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What is a Thermal Test System?

A thermal test system provides temperature margining capabilities
over a temperature range to the silicon under test.

» Used for manufacturing test to capture logic, silicon, electrical defects to
reduce DPM while maximizing yield

» Widely used on post silicon validation test to assure silicon functionality in
its anticipated service life conditions and accelerate bugs detection in the

labs ahead of silicon shipment.
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Thermal Test System Applications

Thermal test system or Thermal Tool (TT) play a major role in
manufacturing test and post silicon platform debug and validation

* Provides temperature control for class, burn in, Product Platform

Verification (PPV) and Quality Assurance (QA) test

« Enables various post silicon validation: System Validation (SV), Electrical

Validation (EV), Quality & Reliability (QnR) etc.
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Examples of Thermal Test Systems

/ Manufacturing Test \
—= % DA
% y |

Product Platform
Verification

Y. P
\\ Class / \ Bench-top /}W

™ §
e “(-20-
= e St 0 n Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 55 S ERRE
= ©

“ANNY

4’3 AR‘{

55

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Post Silicon Validation Thermal Hardware Scope

Power High Power Low power

Thermal
Head and
retention

o2

=
<

5

s I ™ e
i (, 8 'zn.
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Introduction

POST-SILICON VALIDATION

3}
™ gb
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Types of Post-Silicon Validation

Functional

Electrical

Power and Performance
Compatibility
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Functional Validation

e Objectives
— Verify end-user Use Cases and Requirements
— Correctness to Engineering Design Specification
— Test to Industry Specifications

S Ay

120
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Functional Validation

e Objectives
— Verify end-user Use Cases and Requirements
— Correctness to Engineering Design Specification
— Test to Industry Specifications

Goal: Ensure products meet functional
design specifications
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Source: Intel

Reference Platform (RP)

* Runs the maijority of test content:
Use Cases; instruction set; stress testing;
concurrency; some memory types and
configurations

» Used for the maijority of debug

* Limited memory and I/O capability

Functional Validation Hardware

: I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy
1

Source: Intel

Synthetic Platforms

Additional memory, PCH, and CPU 1/O
configurations not covered by the RP

Flexible PCH HSIO configurability
Vo
61 @
<

Small percentage of platforms used
4NNy
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Electrical Validation

e Objectives
— Characterization of |/O buffer design to specification
— Design specifications across temperature and voltage
— Industry specifications
— Buffer tuning capabilities
— System signal quality correlation to simulations

— Measurement of interface timing and voltage margins across all HVYM
variables and workloads

Source: Intel rcv? - n .‘E
e S 0 n Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 62 VEARS
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Electrical Validation Hardware

L

0 3 )
- % 4 B g g

Source: Intel Source: Intel

I/O Characterization Board Reference Platform (RP)
» 1/O response across temperature and » Correlation of system based
voltage measurements to simulated results
» Buffer tuning functionality » itter, cross talk
« Jitter, PLL Delays » Receiver detection, Compensation,
« TX eye diagrams De-emphasis, RX Jitter tolerance,
* Limitedto TX I/O Rcomp/Ilcomp, TX eye diagrams

e CoversRxand TX I/O
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Power and Performance

e Objectives
— Component characterization

— Tuning of component operating parameters (voltage and
frequency) to achieve performance per watt design targets
* |dle power
* Tune Turbo algorithm
* Energy Star compliance

S Ay

™ 36 ' 20 . ‘E
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Power and Performance Validation Hardware

&
10pf 2.0 0.1gF

Vomme oo |

CHAN

ANLEDI j_'%"
i)
5K |[e—
mIE —

OV |— SANFLE CLIGE

REFM_ GAD X

oo J__

)

Source: Intel

Synthetic Platforms 4-pin Sense Resistor Differential A2D

All component voltage rails instrumented with 4-pin current sense resistors wired out to
Analog to Digital (A2D) data acquisition equipment (DAQ)
Special power plane design to split rails as needed for sense resistor insertion

More detail on this topic later in the tutorial...

Sk
e - 5 :
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Compatibility Validation

« Objectives
— System level testing of components
— Complete SW stack: OS, drivers, applications, firmware (FW)
— Memory management
— Strategic I/0O configurations
— Platform power management

S Ay

(20 %
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Compatibility Validation Hardware

« Off the shelf OEM and ODM platforms representative of
target market segments

« Reference Platforms in their respective form factors:

Source: Intel
Clients

2U Gatev?geyyﬁetwork
Server
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HARDWARE SOLUTIONS

3}
™ gb
I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 68

68

TestConX Workshop www.testconx.org March 3-6, 2019




TestConX 2019

Tutorial

Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Hardware Solutions

Legacy Post-silicon Hardware Solution
What Changed

Managing Scope

Options to Manage Change

Challenges Confronting the New Solutions
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Challenges Post-Silicon Hardware

LEGACY POST-SILICON HW SOLUTION

3}
™ gb
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Challenges Post-Silicon Hardware

Validation’s goal:
Full functional test of silicon to its specifications
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Challenges Post-Silicon Hardware
Validation’s goal.:
Full functional test of silicon to its specifications

A hardware solution should provide:

« Complete operational coverage of component capability
Full temperature/thermal and voltage range

Socket component to remain portable across test platforms
Optimize the number of system designs

Provide all systems at silicon power-on

o\
™ gb
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CPU Hardware Solution
for Functional Validation (circa 1993
* 1 socket design, pin grid array

......
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CPU Hardware Solution
for Functional Validation (circa 1993
» 1 socket design, pin grid array

o Off the shelf thermal tools

e: Wikipedia

PGA Socket

ooooo : Test and Measurement

Forced Air Chiller

. S E
*(20-%
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CPU Hardware Solution

for Functional Validation (circa 1993

* 1 socket design, pin grid array :
« Off the shelf thermal tools

« Two synthetic platforms
— CPU instruction set testing™ (A)
— CPU + Chipset to cover configurations™ (B)

e: Wikipedia

PGA Socket

ooooo : Test and Measurement

Forced Air Chiller

*Pictures are near representations only,

Source: eBay . 9
B no photographs survive o
120°%
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CPU Hardware Solution

for Functional Validation (circa 1993

* 1 socket design, pin grid array
« Off the shelf thermal tools

« Two synthetic platforms
— CPU instruction set testing™ (A)
— CPU + Chipset to cover configurations™ (B)

ooooo : Test and Measurement

Forced Air Chiller

Relatlvely speaklng, not much HW only,

_I_ Ve 8@@\%
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Hardware Strategy

WHAT CHANGED

S Ay

'" 202
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INTElI]EI.IVERS END TO END PLATFORMS

DEVICES/EDGE NETWORK CLOUD/DATA CENTER

MEMORY
46/56
SOFTWARE
(el & TN
Source: Intel 8§ . z . 7&_
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INTElI]EI.IVERS END TO END PLATFORMS

DEVICESEDGE NETWORK . CLOUDJDATACENTER

MEMORY
46/56
SOFTWARE

) ° P
™ Source: Intel §' x
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INTElI]EI.IVERS END TO END PLATFORMS

DEVICESEDGE NETWORK . CLOUDJDATACENTER

96 93 98
MEMORY

46/56
SOFTWARE

) ° P
Source: Intel §' x
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2015 - Altera

MEMORY
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180
160
140
120
100
BD
60
40
20
0

Data sources
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More products developed and launched

Processor Launches

Not an exact count, actual numbers are

higher due to:

» Inconsistency in reporting of publicly
available data

» Non-processor product not included
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Shrinking Process

100000 |
Gate Pitch
X
Cell Height
(nm?)

Intel

0.46x per
generation

10000
45nm

32 nm 22 nm

Generation

14 nm 10 nm

Logic Cell
Width

Simple gate pitch * cell height logic area metric is scaling ~0.46x per generation IDF

WTIL DEVELDPER FOReN

Source: Intel
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Transistor count

100,000
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2,300 -

Microprocessor transistor counts 1971-2011 & Moore's law
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@ ®10-Core Xeon Westmere-EX
—8-core POWlEgFé?
- '5 §a§ﬁ:5%rleezhamum Tukwila
. -Col X

POWERGS g re Xeon Nehalem-E
kanium 2 with 9MB cache = Six-Core Opteron 2400
AMD Klom Core i7 (Quad)
ofe 2 Duo
Itanium 28 'Seh
SAUD KB
eBan
Pentium i ”m ® “rom
Al
curve shows transistor o2HB 1.
count doubling every ,AEB K?_ it
- entium
two years Seentium 1

@

80486e®

80386e

80286 @

68000@

80186

8086e #8088

8085,
6800 g
8080. + ~ ®280
8008 L
4004@ “Rca 1802

®6809

Y @105 6502

By Wgsimon - Own work, CC BY-SA 3.0,
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f
1971

T T T )
1980 1990 2000 2011

Date of introduction
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System Block Diagram (circa 1995)

CPU
) { Front Side Bus
2" Level - System |} Main Memory
Cache Controller Extended Data Output
PCI2.1Bus |

\ 4

PCI Slots i i i I/O Control
Hub

a

\ 4

ISA/EIO Bus

-
<

Audio BIOS

KB
Mouse

Controlle; MTXC Datashe 1 ,‘9\9
. S E
*(20-%
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<—>. Hard Drive

<« CD Drive

: Intel Exten ddTmp ratu

90

TestConX Workshop www.testconx.org

March 3-6, 2019




TestConX 2019

Tutorial

Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

System Block Diagram (circa 1995)

CPU, Cache, and

memory controller on
an external bus

: Intel Extended Temperatu

CPU
) { Front Side Bus
2rtevel - oystem [ Main Memory
Cache Controller Extended Data Output
) PCI 2.1 Bus | i
PCI Slots i i i /O Control <—>. Hard Drive
Hub <«—=== CD Drive
: | ISA/EIO Bus
. KB
Audio BIOS Mouse

TestConX

Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy

430TX PCISET: 82439TX System
Controller (MTXC) Datasheet ,‘9\9
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Chipset is split into

P

CPU

\ 4

Front Side Bus

two major components N

—

!

System Block Diagram (circa 1995)

TestConX

Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy

: Intel Extended Temperatu

430TX PCISET: 82439TX System
Controller (MTXC) Datasheet ,‘9\9
S :
7
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~

2" Level 4, System | Main Memory
Cache Controller Extended Data Output
) PCI2fi Bus | i
PCI Slots i i i /O Control «». Hard Drive
Hub === CD Drive
: | TSAJEIO Bus
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Present Day System Block Diagram

INTEL" Z370 CHIPSET BLOCK DIAGRAM

9™ and B Gen
intel” Core™
Processors

Intzl® UHD Graphics

Intel* 2370
Chipset

Intet" Rapid Storage.
Technolegy with RAID'
Intel” Rapid Storage

Technelogy for PCI
Express® Storage”

Intel® Extreme Tuning
- Source: Intel Z370 Product Brief
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Present Day System Block Diagram

CPU — |

INTEL" Z370 CHIPSET BLOCK DIAGRAM

Intet" Rapid Storage.
Technolegy with RAID'

Intel” Rapid Storage
Technelogy for PCI
Express® Storage”

Intel® Extreme Tuning
= Source: Intel Z370 Product Brief ZEL
E = ™ e
> (. 20 'E
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INTEL" Z370 CHIPSET BLOCK DIAGRAM

CPU — |

Chipset

Litilsty Support
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Desktop CPU Circa 1995

intelq_ Major Interfaces

pentium™ Front Side Bus
« Address

+ Data
« Control
Interrupt Pins

320 Pins (PGA)
2 ALUs

3.3 Million Transistors
0.5 ym Process
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Present Day CPU

s

Graphics or Intel 550D

9" and 8™ Gen
Intel® Core™
Processors

Intel® UHD Graphics pto 2666 M

and Intet 550D 1151 Pins (LGA)
' 8 Cores
T e n e >2.5 Billion Transistors (est.)
DE/HDMI E!.'E_.‘.:-’_a'}-' Support DMl 3.0 ] 14nm Process
\ .

Source: Intel Z370 Product Brief
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Chipset (circa 1995)

Host Bus: Address, Data, Control

Memory Interface: Address, Data, Control
Cache Interface: Address, Tag, Control

PCI Interface: Address/Data, Command, Control

. ~ #{ PClInterface: Address/Data, Command, Control
L L e ISA Bus: Address, Data, Control
BCls. | DMA, Interrupt Control, Error
;;i SeAe Power Management Control
i Hard disk

USB Controller
208 Pin (QPF)
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Present Day I/O Control Hub

Intel” Optane” Memary

Intel® Z370
Chipset

Intel® Rapid Storage
Technology for PCI
Express® Storage’

Intal® Ethern

intel” Extreme Tuning
Utility Support
™ Source: Intel Z370 Product Brief
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Post-Silicon Functional Validation

MANAGING SCOPE

S Ay

'" 202

e St 0 n Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 100 YEARS qu
ETT

100

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Scope Challenge: Intel® XEON® Server Example

« Challenge: CPU Interconnect
1 Socket: no CPU-CPU Interconnect

Intel® Xeon"

Scalable Processor

DMI;AI ‘,—i II
Shise Chipars 1x 100G

Intel” Omni-Path Fabric

Tegiate

MM
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Scope Challenge: Intel XEON Server Example

Challenge: CPU Interconnect
2 Socket: with CPU to CPU Interconnect

Intel® Xeon" . Intel® Xeon"

Scalable Processor Scalable Processor

ot 41t 1 wed 1111

Se et 1x 100G 1x 100G

Intel® Omni-Path Fabric Intel® Omni-Path Fabric &

DDR4 DIMMs

e: Intel® Xeon® Scalable Processors with Intel® C620 Series Chipsets (Purley) Overview
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Scope Challenge: Intel XEON Server Example

Challenge: CPU Interconnect
4 Socket: multiple CPU to CPU Interconnect

— —
D —n
e Intel” Xeon® Intel” Xeon® e
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Scope Challenge: Intel XEON Server Example

Challenge: CPU Interconnect
4 Socket: Cross Bar Configuration

-— ——
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Scope Challenge: Intel XEON Server Example

8 Socket: Configuration
« Challenge: CPU Interconnect e

]
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Scope Challenge: Intel XEON Server Example

« Challenge: CPU Interconnfict

5 CPU interconnect

configurations
requiring 4 different
systems
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Scope Challenge: Intel XEON Server Example

* Challenge: Memory Configurations
— 2 physical DIMM spacing (0.4”, 0.65”)
— 3 physical DIMM DQ/DQS lengths
— 4 different memory types ubpimm, RDIMM, LRDIMM, SODIMM)
— 7 memory densities (4, 8, 16, 32, 64, 128, 256 GB)
— 7 memory speeds

— 6 memory channels
» Configurations: 1 DIMM/ch; 2 DIMM/ch; 4 DIMM/ch
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Scope Challenge: Intel XEON Server Example

« Challenge: Memory Conf ‘urations

— 2 physical DIMM s qQ(f 65”

— 3 physical DIMM D¢

— 4 different me >310 memory Ao
-7 memoryden\  configurations

~ 7 memo Requiring 5 different

physical systems

==

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 108

108

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Scope Challenge: Intel XEON Server Example

« Challenge: CPU PCle Topologies
— 48 PCle lanes

* Three, x16 ports =
« Each x16 port support bifurcation into s [Potene

— Two x8 ports or

— One x8 + two x4 ports or

— Two x4 + one x8 port or omixal
Intel* C620 3x16 PCle*

— Four x4 ports SH Chiptt,

I

x 100G
Intel®” Omni-Path Fabric

Source: Intel® Xeon® Scalable Processors with Intel® C620 Series Chipsets (Purley) Overview

792

=
<

™ e
*-20-
e S 0 n Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 109 YEARS QV_J
- ETT

109

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Scope Challenge: Intel XEON Server Example
« Challenge: CPU PCle Topologies

— 48 PCle lanes
* Three, x16 ports =
« Each x16 port support bifurcation into s [Potene

— Two x8 ports or

— One x8 + two x4 ports or

— Two x4 + one x8 port or omixal 5" 11l I
Intel* C620 3x16 PCle*

— Four x4 ports Seauchiie x 100G

i Intel®” Omni-Path Fabric

Combination of 3 ports, each with 4 configurations
or 43 combinations
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Scope Challenge: Intel XEON Server Example

« Challenge: CPU PCI
— 48 PCle lanes

Jopologies

rEecnx1OPY 64 PCle IO
-onex8+ny - configurations

— Two x4 + on
— Four x4 po

Combination of 3 ports, each with 4 configurations
or 43 combinations
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Scope Challenge: Intel XEON Server Example
* Challenge: Platform Control Hub (PCH) IO Topologies

14 High-Speed USB Ports Intel® High
(6 USB 3.0 Ports 0 Definition Audio’
8 USB 2.0 Ports); G/
Dual EHCI; USB Port Disable

B PCi Express 2.0

Intel® Integrated ety 10 SATA 3.0 Ports

10/100/1000 MAC

Intel® Gigabit LAN Intel” Management Engine
Network Connection Firmware 9.1
and BIOS Support

Intel® Extreme Tuning B Opt
Utility Suppart

o2

Source: Intel® X99 Chipset Block Diagram
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Scope Challenge: Intel XEON Server Example
* Challenge: Platform Control Hub (PCH) IO Topologies

PCH

113
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Scope Challenge: Intel XEON Server Example
» Challenge: Platform Control Hub (PCH) IO Topologies

PCH functional &
areas shaded
yellow N

PCH
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Scope Challenge: Intel® XEON® Server Example

« Challenge: Platform Control Hub IO Topologies

PCH Flexible 1/O can be configured to
meet the needs of the OEM or ODM

Fex|/OPort #

Oj1)12|3]4|5(6]7|8[/9|DN2|BU BBV O DA2 B HXE

LEB30
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SoATA,

PCe Lidink
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POe Configurations
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Scope Challenge: Intel® XEON® Server Example

« Challenge: PI trol Hub 10O Topologies
PC '

Flex]/OPort# Jrlslun| a2 8|u]x

ﬁ\ﬁ > 1,000 possible & S —

POe Rodt
3/ 4|5[6|7

g 7IO configurations

SATA
SoATA,

PG Lplirk 4/\/ o= 6] 7
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How Many Systems are Needed?
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8

— CPU PCle configurations: 64

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 123
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
— CPU PCle configurations: 64 > 16
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
— CPU PCle configurations: 64 - 16

— PCH Flexible 1/O configurations: >1000
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
— CPU PCle configurations: 64 > 16
— PCH Flexible 1/O configurations: >1000 >10007?
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
— CPU PCle configurations: 64 - 16
— PCH Flexible 1/O configurations: >1000 > 10
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memory configurations: >310
— Memory system configurations: 8 > 8
— CPU PCle configurations: 64 - 16
— PCH Flexible 1/O configurations: >1000 > 10

— Full temperature range
— Full frequency and voltage range

. I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 128
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count

— CPU topologies: 5 - 4

— Memory configurations: >310

— Memory system configurations: 8 > 8

— CPU PCle configurations: 64 - 16

— PCH Flexible 1/O configurations: >1000 > 10

— Full temperature range > 1

— Full frequency and voltage range > 1
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count

— CPU topologies: 5 - 4

— Memory configurations: >310

— Memory system configurations: 8 > 8

— CPU PCle configurations: 64 > 16

— PCH Flexible 1/O configurations: >1000 > 10

— Full temperature range > 1

— Full frequency and voltage range > 1

o
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count

— CPU topologies: 5 - 4

— Memory configurations: >310

— Memory system configurations: 8 > 8

— CPU PCle configurations: 64 > 16

— PCH Flexible 1/O configurations: >1000 > 10

— Full temperature range - 1

— Full frequency and voltage range > 1

Total: 40

o
™ gﬁ
I e St CO nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 131

131

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memorv confiaurations: >310

Number of systems to be designed
and built is a judgment call based on
priority, risk, schedule, and cost

— Full frequency and voltage range > 1
Total: 40
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Scope Challenge: Intel® XEON® Server Example

e Summary: System Count
— CPU topologies: 5 - 4
— Memorv confiaurations: >310

Number of systems to be designed
and built is a judgment call based on
priority, risk, schedule, and cost
Most likely, it is not 40 systems

Total: 40
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Result

* A "build everything and anything” approach will not
scale with the number of configurations a given product
can support and the number of products to be launched

— Cost:
» Negative impact to product profitability
— Schedule:

 Lead time to develop and deploy validation HW was high relative to
silicon product development

— Resources:
« Staffing for development and validation must be realistic
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Options to Manage Change

 Shift efforts to pre-silicon RTL validation
o Shift efforts to Reference Platforms

« Reduce synthetic platforms
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Augment Reference Platforms

* Apply new capability to augment RP with interposers
that added functionality without impacting its design
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Reuse Socket and Thermal Designs
Synthetic Platform HW Reference Platform HW
__— Heat Sink

Heat Sink

-

\/,3&\

&>

_— Clip

Processor

Bolster Plate \v‘, T ltems Bolster Plate

= Socket

L Back Plate

Source: intel
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Reuse Socket and Thermal Designs
Synthetic Platform HW Reference Platform HW

Heat Sink __— Heat Sink

2. __Clip

Clip \ ,
~ T : Processor

~

Back Plate —
Back Plate

Probing Back Plate ~ <.

Reuse rather than Redesign
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Typical Socket Types

Source: intel Source: intel Source: intel

LGA Spring Pin Elastomer
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Enable Modular Design

Solution Strategy: The methodology is to split up the design elements and standardize the
interfaces. Modular design allows the modules within an assembly to be replaced without

redesigning the assembly completely.

Benefit of modularization:
« Enable parallel work

« Eliminate waste by increasing reusability

* Reduce cost by reducing the design resource and new tools ordering

» Shorten time to market by simplifying design work to support 2x or 5x

more silicon testing

« Accommodate future package derivatives
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Enable Modular Design

/ Modular Cooling Block \ / \
_ Standardized Quick Disconnect Harness

Removable Cold plate pedestal Removable Retention / w“’
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What Changed

CHALLENGES CONFRONTING
THE NEW SOLUTIONS

3}
™ “
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Trend: High Power, High Current, Low Rpath
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Year / Form Factor e
= ™ Source: ark.intel.com 3§ 20 7&-
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Chronological trend of Large Package Form Factor
Vs pin count

Number of Board-Level Interconnects

4000
3500
3000
c
& 2500
° = =
5 2000 S S = b= = =
e LN N - p- = =
g 1500 ~ e ) o 2 ©
< < > > = n >
= = = = o =
b= = = = =
n wn i = ")
~ o~ o o (=}
o =g Ty} (T3] o

1000
p=
500 qu
M~
oM

0

2004 2009 2008 2011 2013 2016

4NN

144

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

High Power Products Challenge Cooling Technologies

42 Years of Microprocessor Trend Data

T T T T .
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New Markets, Large Thermal Test Range

o ADAS products require broad operating environment (AEC-Q100 grade 2: Tj -40 C ~ 125 C)
and long lifetime expectation, typically in the range of 15+ years.

Ambient Operating Junction Temperature
Temperature Range Range

—40° Cto 105° C —40° Cto 125° C

o -40 C Tj means Tc should be much lower than -40 C which challenges the TT cooling capability
o 140 C is silicon safety temperature limit

140 C (potential
silicon damage)

—— 125 C (Test begins)

Tj Rise
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Summary

« We have looked at how an expanding product portfolio and
shrinking process have made legacy hardware methodologies
obsolete for Post-Silicon Functional Validation

* The higher levels of integration, enabled by shrinking process,
have demanded a shift in hardware strategies that support today’s
silicon products

« While HW strategies have become more efficient, the continuing
trend of higher current, higher power, and larger packages have
brought a new set of challenges which will be explored through
case studies that follow.

o
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Case Study

POWER MEASUREMENT AND
CHALLENGES OF >340 A
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Agenda

The Importance of Power Measurement
|ldeal Solution

Initial Strategy Recap

Interposer Approach

Trends and Challenges to >340 A
Exploratory Solution

Summary
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Goal

Deliver Industry Leading Performance
per Watt across the product portfolio
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Goal

Deliver Industry Leading Performance
per Watt across the product portfolio

Requires measuring component supply
current from leakage to max TPD, a range
of single digit Amps to hundreds of Amps
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Power Measurement is Important

e Device characterization
* Tuning of component operating

1. Shape loadline
2. Meet Idle power targets
3. Tune Turbo algorithm

Throughput
“®= Energy Proportional

Courtesy: Sundar lyengar
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Power Measurement is Important

e Tune loadline to align with platform power delivery design
requirements

L

o

=

(@] -
o

£
2

wn

>
7

Throughput

Courtesy: Sundar lyengar
4. Meet loadline requirements
2

%
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Power Measurement is Important

e Tune Running Average Power Limit (RAPL)

Credit Acﬂumulatinmit Zero Credit

: Credit Depletion

5. Tune RAPL algorithms

-
e
2
-t
Q
=4

Courtesy: Sundar lyengar
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CPU Major Power Consumer

LU Cuadeon
Memony
MEC (4% x 1) (B x B)
Fan (10W x 1) ._
Motherboard F = ,
PSU
PC1 Siots (250 5 2) Erl‘i'lqi:ﬂﬂw

Disk (12%W ¥ 1)
Server Power Consumption (Source: Intel Labs, 208)
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CPU Major Power Consumer

LU Cuadeon
Memony
MEC (4% x 1) (B x B)
Fan (10W x 1) ._
Motherboard F = ,
PSU
PC1 Siots (250 5 2) Erl‘i'lqi:ﬂﬂw

Disk (120 1 1)

Measuring CPU Power is Critical to Validation
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TestConX

Most Visible Impact

“

33 minutes

e | 21 hours =
& O, ining
' o remaining

8:15 AM

@ & 10/2/2018

Source: Digital Trends

Laptop Battery Life
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Most Visible Impact

8:15 AM
) ¥ a 10/2/2018

Longer battery life otributes to better user experience

Laptop Battery Life o
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Enterprise Impact

200 Infrastructure Savings
180 Network Savings .0‘?—‘:/
160 M Storage Savings

S Savi QO
140 erver Savings 19\_/

g
\

80 - 7 Current Trends

Savings: 620 billion kWh

Total Data Center Electricity Consumption
(billion kWh)
\

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Source: United States Data Center Energy Usage Report, ERNEST ORLANDO LAWRENCE BERKELEY NATIONAL LABORATORY, 2016
Data Center Electricity Consumption in Current Trends and 2010 Energy Efficiency Scenarios
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Enterprise Impact

200 Infrastructure Savings
180 Network Savings
160 M Storage Savings

140 [IServer Savings

g

(billion kWh)

Savings: 620 billion kWh

Total Data Center Electricity Consumption

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Source: United States Data Center Energy Usage Report, ERNEST ORLANDO LAWRENCE BERKELEY NATIONAL LABORATORY, 2016

Data Center Electricity Consumption in Current Trends and 2010 Energy Efficiency Scenarios
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Enterprise Impact

200 Infrastructure Savings
180 Network Savings
160 M Storage Savings

140 [IServer Savings

-
N
(=]

g

(billion kWh)

Savings: 620 billion kWh

Total Data Center Electricity Consumption

20

Lower energy consumption = lower operating costs

Data Center Electricity Consumption in Current Trends and 2010 Energy Efficiency Scenarios
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Power Measurement ldeal Hardware Solution

Fully integrated into the component power delivery
solution of a Reference Platform (RP)

Require no special components added to a RP
Accuracy of 1% or better 0 A to 100’s A

Zero added errorfrom 0 Cto 100 C 8§
No added mechanical complexity
Adds no additional system BOM cost | :

Reference Platform
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Synthetic Platform Recap

 Build platform for power measurement
— Re-engineer power delivery solution
— Insert sense resistors, tune layout

CPU

CPU Socket
EEENN

Sou

Synthetic Platforms

4-pin sense resistors
Inserted into power
delivery network

Platform CPU Power Delivery Network

—o ] I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy
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Synthetic Platform Power Shapes
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Power Delivery Design Differences

Source: Intel Source: Intel

Reference Platform Power Shapes Synthetic Platform Power Shapes
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Result

No one was happy

TestConX (20
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Result

» Cost too much
* Fully redundant product development and manufacturing teams

1 ko T . b 3 1 R #
Pl i & Fr : = ks et i R
Source: Intel

Source: Intel

Architecture and Layout Procure Assembly Deploy to
Design Materials Integration & Customer
Test
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Result

« Cost too much
 Fully redundant product development and manufacturing teams
« Customer not happy with lack of correlation to real systems

Source: Intel

Reference Platform (RP) Synthetic Platforms AN
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Result

« Cost too much
 Fully redundant product development and manufacturing teams
« Customer not happy with lack of correlation to real systems

LS

- | Functionally equivalent but not identical electrical or BIOS

Reference Platform (RP) Synthetic Platforms AN
——o ™ 5 -
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Current Measurement Options

Criteria
(High->Low Priority)

Cost

Sub-Rail Measurement

Leakage Current Error

Max TDP Current Error

Power Integrity Impact

Signal Integrity Impact

Test Correlation

Mechanical complexity

Customer Usability

Scaling with Current

RP with Synthetic Platform
VR I-Mon (Power Plane Splits) | Power Interposer
Low
Yes Yes

Good Good

Good Good Good
Low Med

Low Med

Good Good

Low

Good Good Good
Good Med

Grading Relative Reference Platform

TestConX
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Current Measurement Options

Criteria

(High->Low Priority)

Cost

Sub-Rail Measurement

Leakage Current Error

Max TDP Current Err
Power Integrity Imp:x

Signal Integrity Impa

Test Correlation

Mechanical complexity

Customer Usability

Scaling with Current

RP with Synthetic Platform
VR I-Mon (Power Plane Splits) || Power Interposer

Low

Yes
Good
Power Interposer became the (:/Toj

c g - e
new path of investigation v
Good Good

Low

Good Good Good
Good Med

Grading Relative Reference Platform

TestConX
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Interposer Option for Current Measurement

* Overall lower cost
 Easier to design than full system

* Met customer key criteria
— Low error from 0A-200A
— Plug and play in Reference Platform
— No special accommodations needed

172
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Power Measurement Interposer Current Flow

CPU 4-pin Kelvin
Package Resistor Me asurement

Socket Header

Source: Intel
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Interposer for Current Measurement

Overall lower cost
Easier to design than full system

Met customer key criteria

— Low error from 0A-200A

— Plug and play in Reference Platform

— No special accommodations needed
However, not without negative impacts

— Power and signal integrity
— Mechanical complexity
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Trend: High Power, High Current, Low Rpath

lcc Max (A), TDP (W), Rpath (mQ) trends
600 0.9
= 0.8
500 .
< G
~ | 400 0.6 &
r—’
9 300 _E
5 0.4 g
QO | 200 0.3 o
0.2
100
0.1
0 0
s [CC May s TDP  es—Rpath
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Trend: High Power, High Current, Low Rpath

lcc Max (A), TDP (W), Rpath (mQ) trends

< | g
:: 400 0.6 é
- 0.5
E 300 £
— 0.4 ©
8 200 0.3 DQ:-

" Challenge:

Higher Ilcc Max, and lower Rpath
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Trend: High Power, High Current, Low Rpath

600

500

400

300

Current (A)

200

As new components
appear further to the
right, an interposer
solution becomes more
challenging to design

\

T~
3::7/. =

/\

‘\
Past Future Future+ Future++

Product Product Product Product
s [CC May s TDP  es—Rpath

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
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Rpath (mQ)
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DDR Memory Trend

Standard Bus Clock Data Rate
(MHz) (MT/s)
DDR 133-200 266-400
DDR2 266-400 533-800
DDR3 533-800 1066-1600
DDR4 1066-1600 2133-3200
DDR5 1600-3200 3200-6400
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DDR Memory Trend

Standard Bus Clock Data Rate
(MHz) (MT/s)
DDR 133-200 266-400
DDR2 266-400 533-800
DDR3 533-800 1066-1600

Challenge:

» Higher frequency single ended signals, such as DDR, are
more sensitive to vertical coupling

« DIMMs moving closer to CPU to shorten routing length
results in less area for a power interposer

o
™ °°°
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Interposer Challenges due to Trends

» |CCmax Increasing
— Requires more sense resistors -> more space
— Require more copper layers to carry more current

Generally using
one per every

33 Aof ICC -> |
~10 for 340 A 4-pin Sense Resistor e
|ICC Max 0.001Q, 3W A ‘

0.370” x 0.360”
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Interposer Challenges due to Trends

* Dropping Rpath — greater impact to Power Integrity
— Can never fully compensate across full AC response
— More copper layers needed to lower Rpath

More copper layers -> thicker Printed Circuit
Board (PCB) which could lead to using more
expensive manufacturing such as moving from
Typed to Typed PCB
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Interposer Challenges due to Trgnds |

 Number and speed of I/O increasing oy
— Leading to tighter pitch -> more vertical coupling g ~a
— Higher speed /O -> more sensitivity to coupling =-

Critical to reduce Ground Guard Via 7
vertical c.oupllng . . , gl_l-speled iﬁ
and moving from \'/9”_3 . ;:
inexpensive guard . ‘ ® . (Via-in-pad) i
via to coax via Added l.
. / Ground Vias !'{
. (Buried Vias) i
. . Ground Via :
o (Via-in-pad) . ; :
™ Source: Intel S 7&‘-
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RITT

182

TestConX Workshop www.testconx.org March 3-6, 2019




TestConX 2019

Tutorial

Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Z-Height

« Minimizing added height is a challenge and trade off of
area vs height vs signal integrity impact
— As Z7, interposer area increases, signal coupling increases
— As Zl,interposer area decreases, signal coupling decreases

CRU 4-pin Kelvin
[ P | Resistor

Added Z-height

' ' Me asure ment
Header
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Scaling Power Interposer to beyond 340A

* With higher current will come:
— Lower R-path -> more sensitivity to power routing
— Higher speed I/O -> more sensitivity to vertical coupling

— DIMMSs placed as close to the CPU as possible -> limiting
interposer growth area

— More voltage regulator phases will be needed -> cutting off
interposer growth area formally available

Another approach is needed for measuring currents
beyond 340A with high accuracy (+/-0.5%)
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Trend: High Power, High Current, Low Rpath
lcc Max (A), TDP (W), Rpath (mQ) trends
- o:a
. 500 \.‘. ..‘/ 55 —
*cc'L Further exploration of options added a rather =
= interesting approach... ©
C) 200 fj, ™~ 0.3 DQ:-
w Past Future Future+ Future++ 0.1
0 Product Product Product Product 0
s [CC May s TDP  es—Rpath
) Source: Intel e}o\s \7
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Power Measurement

EXPLORATORY SOLUTION
UTILIZE COPPER SHAPE AS SENSE
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Ideal Scenario

Measure current without adding
additional components or complexity to
the system
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Using Power Plane

it i
Device Under Test

.............

Joje|nbay
abeyjo/ aseydnnp

Copper Power Plane |f|

Printed Circuit Board

o"" »
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Using Power Plane as “Sense Resistor”

\VAB

it i
Device Under Test

A

Jimnnn ofper square

Copper Power Plane mon |ﬁ

Joje|nbay
abeyjo/ aseydnnp

Printed Circuit Board

| |20z Cugeneral
S rule has 0.25 Q

Ohm’s Law applies: there is a voltage difference across the copper power plane
induced by the current flow from the voltage Regulator to the Device Under Test
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Copper Shape as Sense Resistor Results

« Successfully tested to 350 A (power supply limited)

* High accuracy results can be obtained
— Error of <1% from 0 A to 350 A

* Challenges exit

— Compensation for copper’s change in resistivity over temperature
* Left as an exercise for the curious...

NO PHOTOGRAPHY
PERMITTED
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Current Measurement Options

Criteria RP with Synthetic Platform

(High->Low Priority) VR I-Mon (Power Plane Splits) | Power Interposer
Cost Med
Sub-Rail Measurement Yes Yes
Leakage Current Error Good Good Good
Max TDP Current Error Good Good Good Good
Power Integrity Impact Low Med
Signal Integrity Impact Low Med
Test Correlation Good Good
Mechanical complexity Low
Customer Usability Good Good Good Good
Scaling with Current Good Med

Grading Relative Reference Platform
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Summary

» Higher integration and frequency has led to arise in ICC
and corresponding drop in Rpath

* While the power interposer approach has been proven
to work at currents exceeding 300 A, there are
significant pressures leading to challenges and
difficulties continuing with this strategy

» Less intrusive solutions are needed that can provide
high accuracy from 0 A to ICC Max
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Case Study
SOCKETING LARGE BGA PACKAGES
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Socket Challenges in Post-Silicon Validation for
Large BGA
 Agenda
— Socket Introduction

— Case Study:
» Scope
» Case Study: 15t Gen Intel Xeon Phi
» Physics and control of package warpage

* Finite Element Analysis to analyze socket pin deflection including
large package warpage

« What can the socket retention designer do to mitigate socket
connectivity risk (sensitivity studies)
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Large BGA challenges in Post-Silicon Validation

« Large number of pins (>3000) require large socket actuation
forces

« Large package form factors (>60 mm X 60 mm) and large die
cause significant end-of-assembly package warpage

 Stiff packages due to thick substrates, presence of an Integrated
Heat Spreader (IHS), or stiffeners cause packages to be
extremely difficult to flatten with socket retention loads

« Warped packages lead to critical pins at risk of receiving

inadequate stroke

— Packages go through temperature cycles (from sub-zero C to over 100 C) during post-
silicon validation testing and change shape

o
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Scope of the Problem in Case Study

Failure mode of interest: Low level contact resistance
(LLCR)

Effect: System instability during post-silicon validation
Form factor: Large package

Pin: BGA

Socket: Elastomer

o
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Drivers to LLCR Risk
« Large package warpage
— No accurate Daisy Chain Test Vehicle (DCTV) to mimic package warpage
— Supplier package warpage may be exceeding spec without warning

Tiny keep out zone (KOZ) on PCB

— Very little to no area allowed on the board (primary and secondary side) due to densely
populated components needed for power delivery and integrity

— No touch-down area provided for robust structural support and flattening the board

Densely populate?components on
secondary of board may limit real

- O - ‘C "~ estate for backing plate touch-down po
™ 8 E
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What’s the current Best Known Method (BKM)?

 BKM for socket retention design

— Assumes package is initially flat (both in modeling and in most daisy chain
test vehicles)

— Modeling does not compute pin deflection
— Metric:
* Minimize board deflection under retention load FEA modeling
« BKM is good for >95% of our products; but may not be good
enough for products with substantial warpage risk

* Need to use better methods to quickly risk assess using FEA
— Incorporate large package warpage

— Compute the actual pin force distribution in the BGA to identify the highest
risks for LLCR
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Interpreting Warpage in Package Drawings: Geometric
Dimensioning and Tolerancing according to ASME Y14.5

« All package drawings are controlled by Y14.5 standard
« Specisat20C

— Parts are inspected and screened at 20 C, not room temperature
* Flatness

— “...is a condition of a surface... having all elements in one plane... tolerance zone
defined by two parallel planes within which surface... must lie”

» Coplanarity

— “...is the condition of two or more surfaces having all elements in one plane...may be
used where it is desired to treat two or more surfaces as a single interrupted or
noncontinuous surface...similar to flatness”

» There is a coplanarity spec for every BGA for each package drawing
* Note that there is no single “standardized” coplanarity value in industry

» BGA coplanarity spec is usually optimized for SMT (soldered down) applications
(high vc;lume), not so optimized for socketed post-silicon validation testing (low
volume
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Each land surface must lie within
s between two common parallel
|_| 0.14 \ planes 0.14 mm apart at 20 C

ALL LGA LANDS

Sources:

* intel.com
« Geometric Dimensioning and Tolerancing according to ASME Y14.5 2009 Standard
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Simplest Case: Bi-Material Warpage Driven by CTE Mismatch
and Temperature Change

@) (8) Salient Features
m m _t" — " « Shape and magnitude of warpage can be modeled
! h :/<<<\\ %2 . Warpgge scales |
n - I",’,p ) . * Linearly as CTE mismatch
& ‘ o Li
/ oy : Linearly as temp change o Total length
s ma . » ~Inversely as the flexural rigidity 2
z * Nonli I i
| (c) onlinearly as size I 5 —
F16. 1. Deflection of a bi-metal strip while uniformly heated.
N\ 89
Coefficient of thermal expansion Vs \
(CTE) mismatch Temperature change / e Radius of
1 L ? curvature

Radius of oy  2&l+Eal) [ 1 1
curvature T 3 ( + )
2 h Eld; Eaan
Flexural rigidity

Source: Timoshenko, 1925 . , _ ' i

™ \. Deflection of a simply supporled bi-metal strip. 3@ 20 7&_
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Origins of Package Warpage

Flip chip package assembly process

— Silicon is attached to the substrate at elevated temperatures followed
by a cool down

— Due to CTE mismatch and temperature changes, the package warps
— A much more complicated scenario compared to the classic thermostat

Package will be optimized to be flat at solder reflow
temperature and warped at room temperature

Can we accurately predict package warpage?

— Definitely--only if we have accurate geometry, good material properties,
knowledge of the manufacturing process

Lack of predictability and visibility into package warpage
ahead of time increase post-silicon validation risks
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Package Warpage vs Temperature

t
< post-silicon Validation > Surface
20C (ASME) Mount

Temperature
o
]
Substrate
(]
(@)
©
O
| S
=

7
/ Substrate
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Desired vs Actual Boundary Condition

Desired boundary condition for
evenly distributed contact
resistance

Actual boundary condition for
unevenly distributed contact

resistance
Evenly distributed loading Load

00 43 01ds 8 g

. Socket = |
I L

_____________________________

Evenly distributed loading Load
HighR LowR

In order to achieve evenly Unevenly distributed loading due

distributed loading, top and to warping on the top and uneven

bottom has to be perfectly support on bottom

flat
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Case Study

Obijective:
 Bring out the influence of package warpage to socket
connectivity risks in post-silicon validation

* Highlight key parameters that govern socket
connectivity risks and impact system stability
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Large BGA Package Case Study: Knights Corner
(15t Gen Intel Xeon Phi Co-Processor)

» Firstin industry: >1 TFLOP of
performance in one single silicon

» Launched Q4’2012

» Powered the fastest supercomputer on
TOPS500 list and stayed #1 for 2.5 years

« >3000 BGA pins

Sources: -
. . g N
™ intel.com, ark.intel.com, top500.org /¢ 20 %
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Case Study: Knights Corner Card Exploded View

1D Cover
e Aluminum sheet metal
e Printed with Intel branding

Coprocessor Heat Sink

+ Vapor chamber based

» Soldered stamped copper fin
bank

Fuselage/Supersink

« Mechanical interface to
system

+ Folded sheet aluminum

* Sinks heat from GDDR & VR

« Soldered internal folded fins
and heat pipes

I/O Bracket

s Standard 2-slot PCI

» Structural connection to
system

Intel Blower

« Customized impeller
geometry

« 7.0 BA @5400 RPM

s Diecast aluminum blower
frame soldered into duct

ﬁ:sse mbly
‘. /t—. )

4 312 Bracket

« Card-to-system interface
emulating full-length card

Card PBA

« 246mm card length

s 2x3 and 2x4 aux power on
east edge

s PCI Express* CEM spec
compliant (except hockey
stick KOZ)

Backplate Stiffener/Heat Sink
+ Copper plate with soldered
heat pipes and copper blocks

» Supports preload forces
» Sinks heat from backsV
GDDR

+« Polycarbonate insulator
shroud

. Source: intel.com
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Case Study: Knights Corner Package/Board View

Intel® Xeon Phi™ Coprocessor Silicon

Outlet thermal
sensor

150W 2x4
power
connector

Inlet
thermal
sensor

75W 2x3
power
connector

GDDR Voltage regulators

thermal
sensor

Blue Status LED

Source: intel.com
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Flash

System Management
Controller GDDR  source: intel.com
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Case Study: Knights Corner Package/Board View

Complicates
socket
retention
mechanism

Dense and
small
components
on secondary
side

792

20,
N
=

4’3 AR‘{

209 YEARS

“anNN©

209

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

The Elastomer Socket for post-silicon Validation

* Pin properties are temperature and time dependent

* Relation between contact resistance, deflection, and
contact force

* The ideal boundary condition on the socket?

« Main challenges for FEA: lack of material constitutive
properties (stress strain curves, etc) to model the
individual pin

o
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What is the “ldeal” Package for Socket Design?

* If the package is perfectly flat and free of residual stress
throughout all temperature change and time of the
assembly, test, and life cycle, this could reduce
electrical failures

» But this ideal package violates basic physics as there
will always be CTE mismatch between dissimilar
materials ‘

« Real package is never flat
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The Mechanical Retention

* The typical retention and board design
— Versus the “ideal retention and board design”

» Constraints due to component placement on the board
on structural support
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Putting it together

The contact force distribution is not even over the entire BGA pin field
Hence, the contact resistance is not even over the BGA field

The socket retention designer has two objectives
— Make sure all pins are compressed to at least a certain amount
— Try to have the pin compression as even as possible

The socket retention designer must assess or depend on
— Retention force distribution (die vs stiffener etc)
— Package initial warpage
— The coplanarity of the pins (BGA and socket pins)
— Board warpage
— Primary side bolster plates and secondary side backing plates
» Location and size of KOZ available for structural support
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Finite Element Model
« Assumptions

— Alter the initial (high) temperature of the package model to obtain variation
in the package warpage
 Actual initial temperature at chip attach is unknown
— From variation in package warpage obtain variation in pin contact forces

* Trends
— Warpage induced
— Backing induced
— Bolster induced
— Force distribution induced

 Risk assessment

* Knobs to turn AN
: (20
Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 214 ' YEARS . 'z:
~ Q'Q.

4NN

214

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Knobs to Turn for FEA

Total actuation force

Force distribution (% die vs substrate)
Bolster plate (yes/no)

Backing plate

— Extra pushing from the back (varies)
Package warpage (varies)
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FEA Package Warpage Simulation

« Package properties and manufacturing process may
not be known due to confidential IP

« Best guess could be made to properties and
manufacturing process to best match Test Vehicle
package warpage and shape measurements

« Therefore, not really a package warpage “prediction”
per se, if we have little to no visibility into properties
and processes

« Use package warpage as a variable knob to turn to
find out the sensitivity of package to warpage
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Using Pressure Overclosure Law to Simulate
the Socket

* Pressure Overclosure laws are offered in commercial FEA software packages
— Customized subroutines typically not required for usage

* The trick to modeling the pin force without material properties is to treat the pin
field as a discontinuous “contact surface” model rather than as actual solids
— If socket pins are modeled as solids, then material properties are needed

» Translates supplier’s socket pin’s Force Deflection curve (see a typical curve)
into pressure overclosure law for finite element model’s contact properties

« Circumvents the difficulty of not knowing the elastomer’s material constitutive
properties (e.g., stress strain curves) for the pin’s ever changing recipes

» Limitations: cannot model viscoelastic, hyperelastic, or plastic aspects of the
pin material
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Deflection / Force / Resistance curve of Socket Pin

Deflection
90UB)SISOY JOEJUOD

Force

Note: these characterization curves are typically supplied by socket vendors
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Force Deflection Resistance Curve of an
Elastomer Socket
Used in FEA

Supplier Data

Deflection

20UBR)SISaY 10BIU0D
Overclosure

Pressure

Force

Can translate this supplier data into pressure overclosure law in modeling pin contact
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Modeling the Socket as Contact Property

Pressure Overclosure Law used
to model soft contact in lieu of
actual socket material
properties

Modeling the pin force/deflection
by treating the pin field as a
discontinuous “contact surface”
rather than as actual solids

Pressure

Load
Substrate

Socket |

Board T

19

. Load{ o
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Boundary Condition in Post-Silicon Validation
Configuration

Before
Actuation

After
Actuation

Note: Validation Thermal Mechanical System not shown &0
e A
221 @
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FEA of Incoming Package Warpage Test Vehicle A

Substrate

Actual packages can
vary significantly in
warpage values due to
manufacturing process
variation

Warpage contour plot at 20C

I e St Co nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 222

222

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Pin Deflection Contour Plot After Socket Actuation

Blue pins have least deflection
under socket actuation load with
package warpage

In this specific case, center pin
has highest LLCR risk

In general case, the highest
LLCR pin location may vary

Pin deflection field can be
mapped to contact resistance
gradient for input as next
iteration for electrical simulations
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Boundary Condition during Sensitivity Analysis
using Test Vehicle B

Substrate
! . Before Actuation
Board
Socket Actuatlon Loads
Substrat
strate :
““““““ T . After Actuation

Board

i
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Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy NRERES

224

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Sensitivity Analysis (1)

« Parameters varied
— Force distribution between die and stiffener (total load fixed)

— Amount of upward displacement on the center of the board
on the secondary side

« Output studied

— Center pin load

» Key Trend

— Pushing from the secondary side is more effective than
changing the force distribution

o\
™ gb
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Socket Center Pin Load (grams)
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Socket Pin Load as Function of Split Loading and
Back Side Push

0.2 mm push
0.297 mm Package Warpage

0.1 mm push
0.297 mm Package Warpage__‘,..-v"'

i e

Key message:
More uniform pin loading of
il large packages is achieved

" 0mm push by pushing the board rather
G207 min Fackege Warpage than attempting to flatten the
package
10 20 30 40 50 60 70 80 90 100

Normalized Die Load (% of Total)
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Sensitivity Analysis (2)

» Parameters varied
— Force distribution between die and stiffener (total load fixed)
— Variation of End of Line (EOL) Package Warpage

« Output studied

— Center pin load

» Key Trend

— EOL Package Warpage has a more dominating effect over
pushing from the secondary side or changing the force distribution

o
™ °°°
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Socket Pin Load as Function of Split Loading and
20 Incoming Package Warpage

o 35 ;
& 0 mm push "
© 30 0.145 mm Package Warpage ..~
20
T 25 S 4
= 20 1
_DC_- 0 mm push e
L 15 0.297 mm Package Warpagg..----"”“
L Key message:
C 10 . : .
g Controlling the incoming warpage by

5 screening out-of-spec parts is critical

to success of post-silicon validation
0
0 10 20 30 40 50 60 70 80 90 100
Normalized Die Load (% of Total)
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Sensitivity Analysis (3)

» Parameters varied
— Variation of End of Line (EOL) Package Warpage

e Qutput studied

— Center pin load
— Board warpage

» Key Trend

— Center pin load decreases as board warpage decreases
» This trend is caused by the underlying increasing package warpage

» Contrary to the conventional wisdom of “as long as the board stays flat,
the risk of connectivity is low”

— Neglecting large package warpage and modeling board warpage alone
could yield misleading risk assessments
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Boundary Condition during Sensitivity Analysis
using Test Vehicle B

AR
Substrate

A O m—— Before Actuation

Board ﬁ

Socket Actuation Loads

{
i i After Actuation

Su bstrate

Socket

Board
- Wide Open

- S :
{20%
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Center Pin Load and Board Warpage versus Package Warpage

18.0 0.3
**No Backing Plate Center Support (Wide Open)
Key messages: el **No Top Plate .
14.0 Mo, : * Center Pin Load (grams) »
Controlling the incoming | — | * Board Warpage (mm)
warpage by screening | £ 120 “inear Center Pintoad grams) | g,
OUt'Of'SpeC paI’tS is EE N Linear (Board Warpage (mm)) %
critical to success of g 100 %
post-silicon validation % o i, o _%
o T
More uniform pin loading L'Cs 60 ) 0.1 @
of large packages is 3
achieved by pushing the 4.0
board rather than T 0.05
attempting to flatten the 0 ) d | .. k
package o Note that as board warpage decreases, pin load decreases due to increasing package warpage .
0] 0.05 01 0.15 0.2 0.25 0.2 0.35

Incoming Package Warpage (mm)
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Summary: Socket Case Study

« Sockets typically used in Post-Silicon Validation
« Case Study:

— Scope: Large BGA package with elastomer sockets, challenges,
metrics to mitigate LLCR

— Case Study: 15t Gen Intel Xeon Phi
— Physics and control of package warpage

— Finite Element Analysis to analyze socket pin deflection including
large package warpage, what to do with missing information

— Sensitivity studies showing what the socket retention designer can
do to mitigate socket connectivity risk

o\
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Case Study

SCALING THERMAL TOOLS FOR PRODUCTS WITH
> 500 W AND -40 C TEMPERATURE REQUIREMENT

792
™ § )
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Top Level Agenda

* Trends and Thermal Tool Design Challenges
« Case study: High Power and -40 C Solution

— Primary temperature forcing methods
— Types of temperature forcing systems
— TEC based Thermal Tool

— Phase Change Thermal Tool

¢ Summary
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Trends and Thermal Tool Design Challenges
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Challenges to Meet Multiple User Environments

Thermal tools design, development and deployment need to address multiple user requirements,
environments and cohabitation with interposer, probing hardware and different sockets.

COLLATERALS

— Reference board — Elastomer — Benchtop — Probing hardware
\
{ Y
& 10 Cha]ge:;tféizaﬁon ~[ Spring ] — Automation — Interposers
\ 7
TT is compatible with different socket 5
:: . & 20 .E
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High Power Product Challenge Cooling Technologies

42 Years of Microprocessor Trend Data

T T T T ry

7L o
10 wa Transistors
B s (thousands)
10 B a : .
" "-fis 3 5
10° F e — Single-Thread
ut .:g:," Performance .
10t b “p ‘; .'"’} » | (SpecINT x 10%)
) at g fnt". |!*IH1 ga | Frequency (MHz)
10° | La &, ;.:ﬂ "l
N ; "‘.I ~ vollh 1% Typical Power
10° | N s .",;‘;,;;;u W %e o (Wats)
& | | vy ¥ Y L
101 | L] N v ':! }' e 0::-'} ! NLInTIbE‘fOt
o "3 AT d Logical Cores
10° —s : e B oses ﬂtﬂm::m _
1 | | |
1970 1980 1990 2000 2010 2020
Year

Origiral data up %o the year 2010 collected and plotted by M. Horowitz, F. Labante, O. Shacham, K. Ciukotun, L Hammond, and C. Batten
Mew plot and data collected for 20102017 by K. Rupp
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New Markets, Large Thermal Test Range

* ADAS products require broad operating environment (AEC-Q100 grade 2: Tj-40 C ~ 125 C)
and long lifetime expectation, typically in the range of 15+ years.

Ambient Operating Junction Temperature
Temperature Range Range

—40° Cto 105° C —40° Cto 125° C

* -40 C Tj means Tc should be much lower than -40 C which challenges the TT cooling capability

* 140 C is silicon safety temperature limit

140 C (potential
silicon damage)

—— 125 C (Test begins)

Tj Rise

792
- S :
{20%
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Condensation Management is Critical for -40 C Test

Air Temperature T(F)

T -

C
D O
e

LT

DewpointT, (C)

De;a.rpoir"l_tTd{F'.;

=

- wn
2008 Eric & Schiff

:ﬁur Tejlr':h P e;latu ré?T (C}:;I-
Graph of the dependence of the dew point upon air Ice accumulated on cold plate
temperature for several levels of relative humidity.
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Pop Package Brings Difficulties for SOC
Temperature Control

* High temperature margining requirement for low % —
power package TR

« Large thermal resistance through package
stack-up

» Large temperature gradient from memory Tc to
SoC Tj

« Memory operating temperature range is lower
than SoC

» PCB operational temperature limit Ice accumulated on cold plate

» Limited thermal solution space between (i)
memory and SoC and (ii) SoC and PCB

S ==— CPU Tj &

- S :
== 20 %
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Mechanical Challenges

Convex (+)

» Platform mechanical volumetric constraints Packagewamage = |A) + i8]

» High load required for high pin number :
socket/package connection

» Large warpage on big package

» Quick release retention

» Limited mounting holes or no mounting holes

Measuring one

Ratorence plane

Courtesy: Hsiu-PingWei etc

Fluid In Fluid Out Coolant Chamber Cap
i F l Fins and Base plate
¥ TIM between TEC and base plate
TEC
””HHH””HHH”‘/ TIM between TEC and Cold plate

e = A Cold plate
= Cold Plate Pedestal
— Top Plate

Substrate
\ Socket &
Back Plate A 20 g
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Case Study: Scaling Thermal tools for products
with > 500 W and -40 C temperature requirement
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Agenda

* Primary Temperature Forcing Methods
« Types of Temperature Forcing Systems
« TEC Based Thermal Tool

 Phase Change Thermal Tool
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I.e. compressor

closed-loop system that recovers
and reuses the coolant

high cost if cooling below -40 C is
required

Expendable coolant
such as LN, or LCO,

open system that expels the spent
vapor into the atmosphere.

Large cooling capability and range,
but no heating capability

Three Primary Temperature Forcing Methods

Mechanical refrigeration

Thermoelectric cooling
Peltier chiller

No need of pressurized of
refrigerant lines

Relatively low cooling capacity and
narrow range of operation

slower transition rates

High initial cost

hazard from pressurized leaks

fast transition rates

Storing, supplying and delivering
cryogenic fluids can be expensive
or otherwise challenging

Releasing N2 or CO2 to
environment may have potential
hazard issue

slow cooling rate

Easy to be moved, reversible heat
pump can also greatly simplify
system designs. Performance
degrade over time

no concerns of environmental
hazards

o
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Types of Temperature Forcing System

Oven or Test chamber Thermal stream Direct Thermal Head

TEC Based Margining
Tool

: Phase Change System
ke (Refrigeration Compressors)
N Courtesy:inTEST, Chroma, ESPEC Corp. e:b“‘g >
s IN .=
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Types of Temperature Forcing System

Test chamber Thermal Stream Direct Thermal Head

Control whole chamber
temperature

System heating or cooling

Can test more than one devices
simultaneously

convective temperature transfer

influence on whole testing system

slower temperature changes

Inject hot and cold thermal
air stream directly on the parts

Big KOZ, local heating or cooling
test a single device per test
convective temperature transfer
influence on surrounding

components
slower temperature changes

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: Post Silicon Validation Hardware Strategy

Hot and cold plate directly touch
the parts

Small KOZ, local heating or
cooling
test a single device per test

thermal contact conductance

Control local DUT temperature

\@thermal response
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High Power Thermal Tool Solutions

Phase change
tool

TEC based tool

Package Power

o2

g Solutions q 20 %
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TEC Based Thermal Solutions

S A Y

'" (20
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TEC Based Temperature Margining System

-~

Liguid-Cooled Thermal Tool

Controller

~

Harness

/ Air-Cooled The

Chiller/PCW

N

““TestConX

Courtesy:MSC
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Power Supply
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Thermal Margining System

Temperature
Margining System

Drives to achieve temperature set point
based on the DUT’s Tcase or Tj

Thermal Controller Thermal Head

* Provides a T_setpoint based on
the DUT’s Tcase or Tj

* Controller’s manifold system

provides coolant to water block

* Adjust current that go into TEC to
maintain temp at setpoint

I e St Co nX Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 251

Chiller / PCW

I Temperature sensor I

* TEC works as heater or
cooler based on T_setpoint

* Provides the

Chilled Liquid
Coolant

» Heat from heat source and
TEC is dissipated by Water
block or active heat sink

251
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Typical Liquid Cooled Thermal Tool Setup

Thermal Head

Pressing Plate
Assembly

Stiffener Plate

Assembly Package
PCB

ISC Socket
Back Plate
Assembly

I e St ' 0 nX Beyond Sort, Burn-In, and Class Testing: Post Silicon Validation Hardware Strategy

Sk

e Ay
(205
252 YEARS qu.,

“AnNw©

252

TestConX Workshop

www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

How Thermoelectric Device Work

L Te MATERIAL X Thﬂ ,
The working principle of thermoelectric modules is Q- O ey S T
based on the Peltier effect — heating or cooling at an A 8
electrified junction of two different conductors. ]?
h
Peltier effect: As per the Peltier effect, when two n¢ o T2
dissimilar metals are joined together to form two L4 = dourtenyeiiroTec

junctions, emf is generated within the circuit due to the Vin
different temperatures of the two junctions of the ONE PELTIER BEVICE “COUMLE~ CONSISTS OF ONE
CirCUit. RELEASED' t EEEEEEEE
ATEC is a semiconductor-based electronic component N S S
: - ol e
that functions as a small heat pump. By applylng.a low T |00 |°.0 T
voltage DC power source to a TE module, heat will be _"" i
moved through the module from one side to the other. B B el

sssssssssssss

THE CHARG 7 TRONS
AND POSITIVE HOLES, TRANSPORT THE HEAT.
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Thermal Modeling: Air-Cooled Thermal Tool

Vg:‘dw TEmpcnﬂurc
1413, 9445
.: 1238, 76.75
69.03
1060,
61.32
883.1
53.60
706.5
45.89
529.8 no_—
353.2 30.45
RS 22.74
D.00o0 .
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Thermal Performance Characterization & Correlation

Air-Cooled TT

Data Logger

Thermal Characterization Test Setup

o2
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Difference Between Cooling Solution and Thermal Tool

Fluid In Fluid In
Fluid Out

Fluid Qut

Water Block
Housing

Water Block

Housing Fins Plate

Fins Plate

Liquid cooling solution
» Thermal tool:

P Thermocouple
';Id Plate &
* Needs cooling solution Pedestal
« Can be used as cooler or heater Liquid cooled Thermal Tool
* Provides margining capability and control
« Thermal margining system: complete thermal control feedback system
» Cooling solution for thermal tool is more powerful since it needs to cool both heat source and TEC

Sk
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Facilities Requirements

1. Electrical Requirements
o 110 Vac or 220 Vac
2. Dry Air Requirements

o Dry air is needed when TT runs at temperature lower than dew point.
Dry air box is required for -40 C test.

3. Fluid/Process Chilled Water (PCW) Requirements
o Fluid/Coolant Temperature range: 10-20 C

o Special Coolant & Additives is used for corrosion and algae
prevention
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Common Field Issues & Failure Modes

« Thermal tool can’t reach required testing temperature (controller, TEC)
» Performance degradation (bad TEC)

» Socket, package, MB connect issue (quality, retention)
« Abnormal delta T between Tc and Tj (contact)

» Die cracking (uneven load)

» Temperature does not go up or down (bad TEC)

« TT fluctuate and never get to the setting point (TEC, TC or insulation)
* Leak & clog issues in liquid-cooling system (fitting, coolant)

» Algae grow in liquid-cooling system (anti-bacteria)

» TEC cracking (uneven load)
» Galvanic corrosion (bimetal)
+ Condensation

-
o
o
a

Temperature

Time

Performance
Degradation

Die

Cracks -
« Tube burst (tubing) : Cracking
. Galvanic
TEC Cracking & Corrosion
Clog Issue Degradation g3

. s 7

T T (-20-%
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Innovations to Improve Efficiency

Thermoelectric Cooler (TEC)

/ \ / \ / . ) Courtesy:Nextreme \

i

\_ Single Stage Bulk TEC )\ ~ Stacked Buk TEC J\ = Thin-Film TEC Array

|

* Improve single stage TEC reliability & thermal performance
» Study dual stage TEC for extreme low temperature test
 Investigate thin-film TEC for small form factor TT design
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Innovations to Improve Efficiency
Thermal Technologies — Cooling Block

0.16
wdThermal Resistance @ 0.5 GPM

0.14
=w=Static Pressure (psi)

&
p—
N

=
—

=
=
=

=
(=]
X

=4

(=3

[\
|

Thermal Resistance (C/W)

Tech 1 Tech 4

h 2 Tech 3
\rggfter Block Techlsgllogy
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Innovations to Improve Efficiency
Dry Air Condensation Management

Integrated local dry air chamber Complete system in a system dry air chamber

1. TT has integrated dry air chamber which is enough for 0-130 C testing

2. System dry air box is required for -40 C testing to cover the whole system including MB

SN
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Why Are TEC Used for Cooling?

« No moving parts make them very reliable, long service lifetime
* No maintenance needed Fluid In
» |deal when precise temperature control (+/- 0.1° C) is required.
» Ability to lower temperature below ambient.

« Able to operate in any orientation.

« Compact size make them useful for applications where size or

Fluid Out

Water Block
Housing

Fins Plate

weight is a constraint. ,,5"4-—“""
« Ability to alternate between heating and cooling. /<-—__—TE°
« Easy to be moved and shipped \\..:__—_T'M
 Low cost solution . Mermocouple
* No concerns of environmental hazards b‘j D
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Limitation of TEC Based Solutions

» Dissipate limited amount of heat flux (low to moderate).

+ Large electrical power requirements

»  Lower coefficient of performance than vapor-compression systems (phase change cooling).
«  More total heat to rerpove than W|thout aTEC omoved = Qchm + WTEC

* Loud pumps, expensive fluids, fragile TECs.

« TEC degradation issue happens in thermal cycling tests

Device Being Cooled
Ceramic

Substr alt-:-

Elemants u—--pnll I I I I
Heatsink ——
F"l:lwe-r'
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Example of TEC based TT Characterized Performance

TEC Based TT ; 15C, 1.8GPM Coolant

30
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o 42 06
@ 0 , ; : ; ; ; ,
a 50 100 / 170 200 250 00 306 310
§ -0 ) e 21 21 8
2 -22.% _S—57
~ / / LT
-3y/22.5
30 —27.2
=32
40

Load Watts \M‘

TEC based thermal tool almost reaches its capability limitation and can’t meet validation requirement

(0C-100 C) for high power product (400 W+) without excessively enlarging the footprint which will
interfere with board components.

™ e
120%
e S 0 n Beyond Sort, Burn-In, and Class Testing: post-silicon Validation Hardware Strategy 264 YEARS QU_)

264

TestConX Workshop www.testconx.org March 3-6, 2019




Tutorial

TeStCO nx 2019 Beyond Sort, Burn-In, and Class Testing: Post-Silicon Validation Hardware Strategy

Phase Change Thermal Solutions
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Phase Change Solution for Debug and Validation

. Provide wider thermal performance/margining than TEC based thermal tool

. Will be used for high power CPU, GPU, Al, MIC and graphics products
validation test

. Enable automotive electronics to be tested to meet more stringent industrial
specs -40° C to 130° C

. A smaller system can be used by cooling the DUT directly with the refrigerant.

. Energy saving by avoiding large electrical power consumed by TEC

. Maintenance is easy comparing to TEC based TT, there is no performance

degradation issue
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Vapor-Compression Refrigeration System

A basic vapor-compression refrigeration system consists of four major
components: an evaporator, a compressor, a condenser and a throttling device.

Compressor ]

+ + 4 Heat exchanger

- [condenser)
O Fan
XT

hrottling
device
Cold plate
(evaporator)
= Rfrigerant
\ﬁ\ Component
High power pOwWer
component
‘T_l} ’1’0\9 N
C ™ Courtesy: ATS, Inc. A, zn z
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Vapor-Compression Refrigeration System
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Typical Phase Change Integrated System
D

Integrated system

Refrigerant

Refrigeration
cycle system

Controller
Condenser
Compressor
Expansion valve

Examples of phase change systems in the market
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Typical Server Thermal Tool: TEC vs Phase Change

TEC Based Thermal Solution Phase change Solution
Power Support at 0°C [W] 0-300 0-600
Temperature range [°C] -40 to 125 -60 to 130
Cost [$] 1.5-4 K 15-19 K
Footprint [mm”"2] 80x120 70x80
Reliability performance degrades over time  expected to work for few years
Facility support Liquid coolant and dry air dry air for condensation

Compared to the typical server thermal tool, Phase change provides x3 capability with
the same foot print or less.
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Different Phase Change Solutions Comparison

Lowest temperature at 0 W and 400 W

Phase Change |Phase Change |Phase Change| Phase Change
System 1 System 2 System 3 System 4
-150 -26 C 15C -10 C

m 48 C -60 C 20 C 65 C

Maximum load at 0C and -40C setpoints

Phase Change |Phase Change |Phase Change | Phase Change
System 1 System 2 System 3 System 4
0 C 600 W 700 W 300 W 460 W

Can not reach -
-40 C 100 W 200 W 40° C 280 W
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Summary

« Thermal margining of CPUs, chipsets and ASICs help Intel maintain its

leadership in product reliability and Post-Si validation.

There are more and more challenges ahead for TT development due to high
power/power density product and extreme high/low temperature
requirements

Phase change technology is evaluated as an alternative solution for
margining tool. It is studied for future generation of Intel processors with
high power or requiring extreme low temperature test.
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Closing Summary

» The topic of post-silicon validation is broad and deep - this
introductory tutorial only begins to scratch the surface

 The complexity of validation and the hardware solutions
needed have unique challenges which constantly must be
re-evaluated due to continuing process shrinking, higher
levels of integration, higher power, and larger packages

 New methods, strategies, and innovation are necessary to
successfully validate future products

TestConX ~ (2
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ADDITIONAL INFORMATION
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Links to Additional Information

» Intel Roadmap for Public Products

* Intel Platform Memory Validation

* |nside Intel: From Silicon to the World

» Experimental Methodologies for Thermal Design in Silicon Validation
Platforms
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Links to Additional Information (2)

» Intel® 620 Series Chipset Platform Controller Hub

» Intel® Xeon® Scalable Processors with Intel® C620 Series Chipsets (Purley)

* Flip Chip Technology
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u g m
Intel® Acquisitions 2009-2017
https://en.wikipedia.org/wiki/Intel#Intel, x86 processors, and the IBM PC

Number ¢ Acquisition announcement date ¢ Company + Business ¢ | Country ¢ | Price ¢ Usedasorintegrated with ¢ Ref(s).
1 June 4, 2009 | wind River Sysléms | Embedded Systems . = US | s884m | software 1671
. 2 August 19, 2010 . McAfee . Security . = Us . £7.6B . Software [88]
3 August 30, 2010 [ Infineon (partial) | wireless | — Germany 148 | Mobile cPUS [69]
4 March 17, 2011 [ silicon Hive [psp | = netneriancs | wa [ Mobile cPus 7o)
5 September 29, 2011 Telmap Software = Israel N/A Location Services 1
6 April 13, 2013 . Mashery [ api IManagement . = US [ $130m [ software 721
7 May 3, 2013 . Aepona . SDN . B 8 lreland NFA . Software 731
8 May 6, 2013 [ stoneson Corporation . Security . == Finiand [ $389m | sonware 74
[o July 16, 2013 | omex nteractive | cesture . = Israel [na | software 1551
10 September 13, 2013 Indisys Natural language processing == Spain NIA Software 1561
1 March 25, 2014 | Basis [ Wearable . = S [ A | New Devices 75l
12 August 13, 2014 | Avago Technologies (partial) | Semiconductor [m=us $650M | communications Processars i
13 December 1, 2014 | Passwordsiox . Security | 1+1 Canada [ wa | sonware

14 January 5, 2015 . Vuzix | \Wearable . = US . $24.8M . New Devices (78]
15 February 2, 2015 Lantig Telecom B Cermany undisclosed | Gateways el
16 June 1, 2015 [ Attera | semiconductor [m=us ls1678 | Frca 150]
17 June 18, 2015 | Recon | wearable | m=us [$175M | New Devices 180]
18 October 26, 2015 . Saffron Technology . Cognitive computing . = S . undisclosed . Software [62]
19 January 4, 2016 Ascending Technologies UAVs B Germany undisclosed | New Technology 81}
20 March g, 2016 Replay Technologies Video technology === Israel undisclosed | 3D video technology 182}
21 April 5, 2016 . Yogitech . loT security and Advanced Driver Assistance Systems . B 0 'ialy . undisclosed . Software [531
22 August 9, 2016 | Nervana Systems | Machine learning technology . = US [ $350m | new Technology [B4]
23 Sept 6, 2016 | Movigius .Com;)uter vision . H B Ireland undisclosed | New Technology [64]
24 March 16, 2017 MobilEye Autonomous vehicle technology == Israel $158 Self driving technology

™
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